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fciDflat*|3iNrtftjBli-5fc»oS«t*sv^, £r 
5 0 -e & 5 £ iiii £ * 5 fc Sr^r-f 5 £ £ &«HS 




fc, ^rtK»WMcfl«c«il~5 0-C*>««fr*jBl 

t 5 ^ t t -r s t»^*K©f£« 

n t Sr#« t i"5ft*JB 1 IE*©& 

go 

t-rstt^ii i ~ 3 ©^-r ft/W-tB*©Sfc 

as** i ~4 ©^-r ^{itB*»gg 0 
t -f 5 ft i ~ 5 ©i vf fta^faftwgfi. 
bfcfrfS r t zumt-i-ZWiim l ~ e ©^Tft 

a^ia«©g*„ 

[»*gt8] »«rtoj5fl:tflHIH-a^a**fetc* 

1-5 r t z&m t-rmxm i ~ 7 ©^-r ^keh© 

a«r*fe};:^ri-5itSrW«i:i-5BI*9tl~8W^i" 
ft;H;:f5«©gS„ 

it*Jl 1 ~ 9 ©^fft^iB*©SB« 

[0001] 
[0002] 

[«©K«] SW«j*3ifitt«:^r-f-5lg*fiJffl 

-r 5 swa* * 2** l < jt# u r ft* -e icM*^**© 

iiS, Jfc?*l*^51^if 7 ^ /^-^©£«ft#ire© 
^^^Dw-M, *°!J^/v*^, jKU^uytf^ 



&san ltssi-t 5 r. t m ± 9 , i^a-a*^ _t^- s 
[0003] BiftsssruT^^i-^sr^K-ra 

*S*7Ug. **»T? t # y ^/v* >^©i**tt*° y t 

t ftiftitrfcjt^* l < s**^ffiTi-5 n t bftr 

[0 0 0 4] rffljftf tLt«^bt^tlfcM 

mnm^mm t ^sjs lt^ Lfc«* 

ft) tfs^ 5? » - a* A* f K * b ft 5 - fc t mm ifi h o 

[0 0 0 5] ffi#5Stt#»«^Srffiv^-ffc|£«**5* 
ffii tT, #lf6-2 7 7 4 7 0 fU*. i&Mm 

Z *fti9S« $ ftr ^ 3 «s , 5 9 

x 5 S^H^^ft § ft 5 o 
[0 0 0 6] Sfc, «roft«*jSfei: UT, l - 

3 3 2 9 8 O^fBlCii, tp^&mzfthfoMUfc J; 5 

IStt#1»*^Sr«-* $ *T ^ P> eD(£j»tf 5 i t b, 

is^b ©^ a* srfi* $ * s t v ^ 5 s mt±mi& $ ft * 

[0 0 0 7] #1T 8-5 2 3 3 1 fMSWA? 8 

- 9 6 6 s^max vffi3mimm#&%^-r\zft 

5tt«*SE« $ ft T ^ 5 , « ^ asSiS-f - 5 n 

Tjf y tr^tr p y k^st^w • ^tt£*5fiST-f£#L 

[0 0 0 8] Sfc, #BB¥ 6-2 9 6 6 8 6^fg(-}4 
jfc«^ESKtt-r5Krt*ffi-C©^y b-^/Vb°n y 
©#ft*S:2 0~5 0%S*tLfcf^*|g^lB^Sft 
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[0 0 0 9] #3&BH=f B:, 

Lit (#112 001-22246 -§•) „ L^L. ^(DW: 
©fttt©*^ &ift^LTif£«L/d§£\ *j£©^k 

[0 0 10] *r-e*3SW#H:, *Sft©ffit^£&» 

mM 2001-309673 8-, #!g 2 0 0 1 -3 0 
9 6 7 4 -8", mM 2001-309675 W) „ L#> 

L, *3PJ#b©^©m©£ bftS^W©^*, a*© 

[0011] 
[0 0 12] 

E> ©SWtoiH i K&WBWffiM v fctfc* Lfc 

(#i@2 001-22246 t-Xftfrotz, ^ 

tl £ fi£ < Hfto fcffitt«©«t t^Sriffcofc, * 

*mmmz, mmmmiczQ, hh^c^sm 

[0 0 13] ^b(cW?E^ii*fcir5, 

#12 001-2224 6^Sl:iot 

•t 5 r £ T\ tf o t z)5 jpx. bft 5 £ t £ Effi UPffc 
#fFttiISLfc (#12 0 0 1 -3 0 9 6 7 3^ #12 
001-309674 ^ #IS 2001-309675 



[0 0 14] tc6^, ^»m®«fd-»S*, »©* 
-TSfcfctfflV^ixS hi/- £#j£LT^3£g§K«5 

ft, ^JS«rffl^T^, Mi«/7Xf.7?©^St 

rT\ • *«^ESCfc*{cfiSW^Lft 

*^©zk#^©M» (*#^©M) fcfflv^ 

[0015] 1-&fc^*?PJ3i±, ( 1 ) *S*ttJ»SS 

L«A-«(±ii-5^st, ^mmmmm^wM^i- 

ii-S^^JI©^SSg. (2) ^ft©&MM:fc 
5^tt&JRM^fflfc«iltiR3'c#»:# i~50 

-hlE (1) IB*©Se^ (3) ^^^n?g^ffi|t1-5¥ 
ft*sWMP&1-ari:Sr<»«ti-5±B (1) 

(2) icfE«©!K5fiStt, (4) *JtEKjBHli-5^aSr 
#-f3ri£#®i-f 5 (l) ~ (3) ©v^^tcSE 

mom&mm. (5) **^@SLWLAni-5fcft}c 

fflv^f,^^5#S^@feLT, §e>tliI<ES*5#SS:^r 
-f6^t%WmtT6 (1) ~ (4) ©v^^i-IBfc 
(DUmmm, (6) ^g«WW^niSESr3t9rf-5«liSr 
#-r5^tSr#»t-f-5 (1) ~ (5) (D^-ftiMm 

t©si8t, (7) ®mmmft<Dnw<DU8t%-& 

tffioi|g^t5it*«tt5 (l) - (6) (D 

^-ftiMctmvmmmm, (s) 

Sr««i-S*«Sr=fr1-5^tSr#»t1-5 (1) ~ 

(7) (D^-ftiMmMvmmiw, o) m&#m& 
#mt-r5 (i) ~ (8) <D^-ftiMmm<Dmw£ 

B, (10) 

-hlE (1) ~ (9) cmvftizWCBBftcDSg, tcM-TS 
[0016] 



-3- 



t>tfXiit£\<\ 

[0 0 17] fitTfctt, *IPJ©^»SB£ffivvTf£il 
[o o 1 8] am, «f>^*^iL«^l:lR4rj!iiSi-5BSH=: 

[0 0 19] *3PJ-e^5If?L»#£iJfc{i> 

• iHLfia«fii©a*ic i d sank 

xhz* 

Sii* (%) = M*ro»bteg) x 

[0023] jku tf^t°P v wmfflb+it, mm-r 
5*»»ft3fij|%©>Kytr=i^fcroy (basf 
ttSi K3 0, 11^^14 0, ooo) eoyvife 

/^y77" (0. 15mo l/!)yh;K pH7. 4) 

2 0 0 mmH g \C LfcJ^Hi, ^«T/^ $ VOj® i! 

t |PHU*SW££fT P>tt3„ 
[0 0 2 4] &?LS©?IilIgf±, * y x 

/t^^^y-7- (»T*K £^5) . 

-O-Ar-C (CH 3 ) 2 -Ar 
-0-Ar-S0 2 -Ar- 

[0027] ^y tr^trp y Kvsw^JKofcroia 
mx+^tm^mmx^ 5 r t **wn:*3v^ 

it^T-a 9 0 0 , 0 0 OJJ-LkcDJtfy tf^/Hfn 
S M«ffl$Ji5. 900, 0 0 0 iu/h^vfis^p 
w^mz^-tzxy t--/vb°n y y>*m^xm^<D 
H*fk3!)*^##-r5fc*(c{i^s»* 0 y tr^/nfp y 
K V Sr JK* $ * S ^ *> 5 # , £ © fc ft 



[0 0 2 0] 8I?Lf*4f^Jt xfi^y^Ja- 

1, 2-7"^u>-^y =3-/k 1, 3-^wv^y=i 

ft#/Vv"?^ gffltf-MJpA, S»^-MJ^a, 

[0 0 2 1] Sfc, #3&Wfc:J3^T\ ^STKftT-At* 
?LS©«SK£ ft, 3**tfS lOOmL/ (m 2 • h r 
•mmHg) HK'fcot, IITWI4 0, 0 0 

o»^y ir=/nra y Kv«>8iB*as7 5%&jg*., j. 

■Cfc 314ii 5 ?affl8i^«!*-r 5 o 
[0022] ^ timers-? % xo^mmit, kt« <t 5 
^SSfe-eSDei-Sr i:*s-5ri6-e&5 0 £f\ 2 0 c 
m©4^*^Jf£:l 0 0#jfcfaT/ha^a-;v£ff3K 

^ihlft y y 5 0 0 0 I U/ K * 6 . 

0 g/d L (-rv-y v Y/v) ) frRA*S4HiaKAl. 
0 cm/tyxm^tS^. ^i>^-/V(DA v )l±tm!±(D^- 
VdJ±£) 50mmHgirT30 ^MK^HIiBSrff ft 5 „ # 

()2 8 0 nmCOigfti^TSiJSL, TISCOS: (1) (CftA 
10 0/ G5*©»*a0 (1) 

i.'om&»imxhz>o 

[0 0 2 5] rtg|5«}4, ««)(f>SlfPtrt*ffi*r^S* 
5tO-e$>5^ rt^ffiO?LS!4, rtSsaf©ffiM»S 

icjtMLTA^ < i&sr b-i>m-ox^z> 0 *mwx\^ 

ztfrb* tmxntxDimm&t:* mt-r 
mmmz^zummmm-tmicit^x, mm 

[0026] *i»WT?ffiv^e>n5^y x/v^^jKy-?- 

-t LTti, TE©S: (2) , (3) T?^£tt 

©Arii/^yfe-ec0 2ff*©7^=/VS^L, fi^S 

-O-A r -S0 2 -A r - (2) 
(3) 

Tff5fcftC9 0 0,0 0 0i9/J^^li^ft 

©j^y tr^tfp y K^»M*rcD?i#**^ft<-r5 
tMMtmm^+^tt£ox^^\ zomMk&Lim 

[0 0 2 8] /K^M^Dv-t^yt^ 

SCSitStO^fel N-^f/V-2-t"P!) K 
N, N-^f;V*WTU*, N, N-^^/V 
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[0 0 2 9] ilBK^©* 1 y ^Hfe* tt, MMnrtg 

a©«5HTS»iia#t*IliB$HT, 5-3 511%, » 
*L< ill 0-3 011%-CfcS. i«V^*ttfE§rift£ 

-rsfcfei-it. 7nv-r~mm-im^mx<, 10-2 

[0 0 3 0] £ b KM4 - t 5 fc;vfp y K>- 
roafedni-e* •? , *°y -?-fc*hr- s#y K-^tro y f 
^roi&ftJt^as 2 7 fi*%E*T, KL<ftio~27 

5 6 L<i* 20-27 fi*%-e*>5 0 # 

y-r-t*fi-5^y t'=^t"n y Kv©?sfnit*^2 7 
mm%^mxnmm mmmmtm^ it * k * * >• 

[0 0 3 1] figlftft LTte, WxJizk ; 7f^/-/K 
^/-/l^OTA'^-./Mg ; yvHB ; n— ~-=f-f- 

«Eiaf»tc # y 5 fcSflH&ni- 5 r. t m 

H»ro«asri, -3 0~9 0°c, 0*l<»o~9o 
■c, Sfciiffiu<iio~8ot-efcs. SiB?s©fii£ 
«S9 0t;Sri(S*.fc»J, -3 oX;^mxhZ>b, mmm* 

[0032] wmoc^<oimt, 

-gr/K* (%) = (a-b) 

o°c£U:i 2 o 0 c^T»s*<z)^?i^^**:i*i^iaa 
1-5 r tit, &j&m^mmt%tmmc&m^nvmm 

[0 0 3 6] ^fSW-^T, ^JtC^COW tvWLWM 
(*^©;OPf0 - 

[0 0 3 7] -r-f * n jSE»KJU*ttH«a^S*o^:t 



T, LT^3*jfcfc:W ? njRflMti-5 - fc 

fc-fc Off L^L-fcflSb, W^nKfigttUfi 

©TO^TK*^ 2 0-7 0%, it)^JL<li50~7 
0 % ic ft 5 H#,&T^-f * n RJHIt© mtl SrffiT £ * 5 © 

[0 0 3 3] £ibi^ M©¥^**^2 0-7 0 

%, L< i±5 0- 7 0 %ic*5^-e©M*s©tp 
©E5\ ^Stfti-ilS 4rfT4 5 iitioT, *m©4* 

mbft-mm^&tf%m<Dt?i<.m<Dm$: 5%sift{c~fz>z. 

b&°IMXhZ> 0 *m©^tisfc}i, *m©H 

^Brffil-*3V^T^iL^^P>E@© 1 / 6 ©ISH^v^ 
5o *S©^Jf»ttt. **©n^Bfffiic^oV^ 
mja^feES© 1 / 6 ©t5H^v^ 5o 
[0 0 3 4] 4fc, ^«41ft^?>, (6»l«*6«Hc*lt 

#7fc*©^i 0%«rtTfc5r fc«s»4LV^. 

zR ^ i ' SfiS-T 5 ^ b i ' J; <o * * ^ « <t SI5 © ^ 
**w*Sri 0%artK:i-5J:i:as"sriB-C*)5. 

[0035] -Sr**tii, l£«tu©*S (Xtt 

SI) ©fi* (a ( g ) ) bUM**. (XftI) ©fi* 

(b ( g ) ) frb (4) s;te£0tw-e#»e>*i5t>© 

X100/B (4) 

-r-t!5W*L<, pmjt*#-*©{t^ 1 - 5 o-e&s 

^njg<Z)P^)R^^iSV^fc*iC»4L</ I e<, 5 OSr 

^^S^i4ji^«ffi©*^^& 9 , ^ffl^r-ftv^o 
[0 0 3 8] ^mmic&vzmnm&fcMbn, 2, 4 
5omhz (ttf^/uy) <Dmw$kxmfe£ntz.m9.<F> 
itmmmbmmx.m<DimmmM-f?>o mmm&mik 

#i 1 - 5 0 ©|$#:i LTi4, * ; ^ *f-)VT A'^—>V, ^ 
<3-}VTi>v=i—/v^<DT/v^—/vm. ; 31^-i/y^y n — 

1, 2-7'fuy^!)3-/K 1, 3-7'f^!)3 
—/V, 2-^>--l, 4--^^-—^, 

2, 4 — i^^v 1 ^-— 2-3:^-1, 3 — -^-iJ- 

7$])3L?-u>y]) 3-/1/2 0 o, *°y 31^1/^^y 

/W3 0 0, 3-;V4 0 0§©^!J 3- 

A^xi±^" y -fe v~-!VMY&m*m-f % z. t m?.^ 

[0 0 3 9] *ISB^l-S3V^rjSjfii : til-r't'^P?ft©BS 
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[oo4o] e«a©jgt«^iiixtfri»^©jfcit»*- 
.TO-rarttii?, n«p©pvp©-a5**t^»fk 

=u~Mtm(Di!hhX-h^\ *fc, Iftp©£PVPft 

[0 0 4 1] *38«-CV^5*l!UFR-C*)5PVP4:tt, 
JBf ©^PVPS^^tBrS-efcSPVPiSrllLSI 
v\fck©-e&3„ m^(D±P VPMii, IIStMtj' 

it"T^5PVPl[t KTW^iaOtftSi 
fc!»T?t5. MN-^f;v-2-fcy K^-C^lc 

b ^7 7 ^ — r t \z. i. <0 7Kt^^!$-e&5 

pvpftfeft-rs;: tas-etSo 

[0 0 4 2] *»^©iejftSilf4, «rl£, #jfcKfc«Jfc 

* ^fcjn TL«i**j ft^* *v ^mmzmwmmmi- 

B (mL/d) =0. 6 3 6A+29. 

1. 5m 2 »iaiI|fl ; tv'a-;H; l lfclg«*2 0 
0mL/# TO^ffiW) , S««5 0 0mL/» 
(JKfl.*ffifll) ®*#Tt 0 #AI«l»3*#©tttBWtf 

yy ><d? y T7^it a*fJ»#<o^^^xt^ 

jtfy tf=/vt°ny K^©3lji^S7 5%^M5i7/v 
:/ 5 0. 3%&MTUUtH, *K 

y tr^nfp y KV©3ii*» 7 5 %KK*fe5-i^ 

[0 0 4 5] Sfc, strati 5 ^fcnfcRB:, IBM 

**©^m^i4#ftL^v\ fet, #38?n©BS©iga 

fef«?«©»JbfciS»0. 0 4*ltfc^ l.oR8*Rffi 

AX»8i«e*f8SJp}cS-3#|SSLfc1>©-t:-fe 
9, 2 cm(^Bfbfce«|«P^*«JRl. 5giffiltffl 
H^/jc 1 5 0 m L ft B **Jf ^©ffittffl 

©t/v* y »wit»t®-e-r5^5^««cAii, 7 0 
± 5 a cr- 1 i^mJBja u ^smM ft& 5 ^c#n§f* 

yi!itl5 0mLtLfcfeOSr»t5„ S^ff&2 
2 0-3 5 0 nm^Ot*»Wf^t«Sttf^ 



SUO-l, 0 0 OmL/ (m 2 • h r • mmH 

g) , li¥Wi4 0, OOOO*"!) lf=;vfn y 

tb©14tg©^ 7 V ^^/Jn $ v % £ t ftifTlK t -r S 

[0 0 4 3] *jfi©Jk«Stlr»£T-(4, 3#fT 5 n-f K 
Stt©ft#©fc*l^H«»SC t S*vC^5 3 2 - ? ? n 

yv^vy (^»: 11, 8oo) ft+#idSii£* 
aas, r/p^v WH 1 * : 6 7, ooo) ttfit/^ff 
£ nrfc i ^Htt ft a * © c as •? , 

BJ©11!4, ^A»i-*3it5T/V7'5 >-©3ii^o. 
3%«TT'fc5o T;vf^ >-©3®s^0. 3%ft^x. 
5 z. fc ttfrrtfctfSbfcr/i^ ^ftA§ < z. t 

[0 0 4 4] Jxfc, |i57K©a**^i OmL/ (m 2 • 
hr -mmHg) JJLkWflffCio^T i±, *lt*^Vfn 

y vxDmmm (a (%) ) 2-5?b^c7 , !j v 

0?U77^ (B (mL/ffl ) fc(CS4TfB©^ 

(5) i^i— 2kHft«j/fffiHH«*s#ffii-5. ^yr 

7V^ff«(^i41. 5m 2 ©^Igffl«ft*-f SSfftt 
9 9 (5) 

*0^©lKf4tt^ : L^*^ft^*^fL,^v^^i:^bo. o 4* 

«Kov ^ (4, Sfti^SrJftBlXH:*^^* Lit % © ft 
St>^77 v W^©^©77?£t i vmfet 

ft^tpa^ ^icov^r t> r n e, ©aij£#2££ ± 9 or 

[0 0 4 6] *3SWI:iJ;t)^e>nfclli[M:, ^y^/k*v 

i^fts^y tr=yubfpy k>-©*«^3 o~4 5fis 
%7?fc5„ 8I©A«^tt{cfiS*H^tt, iS^ft 
SlWrottttTfe'), -Kyt'^t-DyFy (fit 
T*K rpvpj tt^5) fc*#f"5*!J^*^* 
Krt*ffi©PVPSIS^fiST?&5. Mrt*ffi 
©PVP«S^{B1-^5tMrt^ffi^^ttft^L, jfc 

B©pvpjftS^-rf st, p v p ©jkiS^— ©»w 

li!tmft^x.5„ fet, *^T-©IKrt*ffl©PVP© 
Jgfffd:. 3 0~4 0%O|51ffe!), #f£L<}43 3~ 



4 o%-?h% 0 

[0047] jgrt^ffi©pvp*a», ^.y^^m^tm. 

Y/V (X-ray Photoelectro 
n spectroscopy, HTXPS) Wot 
ftS$*L3 0 t>, JKrt^ffi©XPS©9JSf±, W 

PVPifg (Sfi%) =C 1 M 1 X1 

:;t\ c i: ^3ffg^«a (%) 
c 2 : ^^^its (%) 

M 1 : PVP©I9SLa=y h»^i (111) 
T-i (4 4 2) 

[0 0 4 8] 2fefc#^©$£*3IB©-0!l£, Elrfi£# 
flgL-ClftW-t-So @ l fcL^f-ftflfeSIBH:, (l) , 
W^njgflg^g (2) , *j|S&H}£UftA 

(3) . *maa#s (4) , nmfc&mktsi 
~5 0T*>a*s^sraias*5#s (5) , so*, 

smm^m (6) ^5>*a 0 

[0 0 4 9] **Sr@3SL*RA-«!ffl1-5fc»t-M^e) 

fts^a (3) (7) mm (i) 

rtt^-f^ntilfft (2) *>bflSit§^fcW^n 
(4) K«tD»fi«fl:«s*Jltl!:*sna. Zbicm&ft 

Kti, mnm$Mm> i ~5 o 

(5) astttttfetv-c^aav-c, sfe*j*-r-r^o«*s 

[0 0 50]«S(1)B, $P,C, (a)?^n|J 

fcaewrtstufs, (b) «srt©iassr-je^o?aa 

(c) «^rt«^£«ii-ra¥J&, 
(d) «w©^{*^^©^tmsii-?»¥a^*i- 

«^rt©^#:^SSt>*^tAti»x.5ii(cJ; 
•J, lfe»Sft*Sr^±i-5ri:*SpriiT?*>5. 
[0 0 5 1] -7^PfeBgJH-#K (2) fi, *S (7) 

(3) M:, &Srt-C©*£©#«£@gLT3b*li<|£ 
A-«ffi#S (3) ft, *m©HfefttWR9WL*sa« 

ymm^m (4) », ^srtjt^^iia-t-sfcfctM 



<DjjW:X»%m-tZ>o i-ftt>h, Cls, Ols, N 1 

s , s 2 P ^ h/KBffi8BMEa»fc, SBtt*»ffi*f 

*?©*iiB*a M*vw.7-mm ^f>**fc*a?srv^ 

(2) 

ST'&atti^il (6) S;ia!)ttft**i65it^ 

0 0/ (C 1 M 1 +C 2 M 2 ) (6) 

[0 0 5 2] itlMt^i 1-50 £«® 

Sitrs^a (5) \x *#ft«i-rfc*s-et*^a-(?*> 
i - 5 o -efcsrftfr^aii^ii-s^mM^Haff-efcs 

*s»4LV\ *S£HS£L*A-*ffi-f?>^a (3) £r 
H£LT, ZbKmmiSliZ^SL (6) (4, 

[0 0 5 3] 

1 0*»t*l ; e^ a -/H;ffSL 1 R^e^a— /He 
^ y ^8fc&P t h$T»£IS3S 1.0c m/&KX 1 5 

^T£a&±£*£i#M«i&£*/c 0 

5 mmMBS@gl;:»l»rU 0. 5%tf 

mm±9m&% Fn^x-ioo) sr-^tr ^a^s* 

tl5fLg?J&7K*Wifl (£AT> TLDHj fc^S) 
t-S^tici^Kraa (P^rB&Jf) ^fcOcOLDHS 
ttir L-tJ?tbLfc: 0 »*f£tt©»£i±LDH^/^X h 

( y »,Wfu©»» 1 ©If *^ram*lftfi 1,500 

p p miDixm&mmi- h v 2 0 ^ 

[0 0 5 4] («^^/^»#i) H-CD«^V 
»#i!4, RB^tiil^lWSr 2 4 0 Lfc^^tt 
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PROBLEM TO BE SOLVED: To provide an apparatus 
for drying a wet membrane formed of a plurality of fiber 
bundles at a time by means of micro-wave irradiation, 
capable of uniformly drying all the bundles. 
SOLUTION: This apparatus for drying the hollow fiber 
membrane is characterized by comprising, in a vessel a 
-CD means of micro- wave irradiation, a means to carry the 
bundles fixed thereon into or out of the vessel, and a 
means to pass a liquid having a dielectric loss coefficient 
of 1 to 50 therethrough. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The dryer of the hollow fiber characterized by having a means to pass the liquid whose 
dielectric loss multipliers are 1-50 the means which is equipment for drying the humid film 
****(ed) in the shape of a thread, fixes in a container a microwave exposure means and the 
humid film ****(ed) in the shape of a thread, and is carried in and taken out, and into a 
container. 

[Claim 2] Equipment according to claim 1 characterized by having piping for passing the liquid 
whose dielectric loss multipliers are 1-50 around the metal part in a container, or a metal part. 
[Claim 3] Equipment according to claim 1 or 2 characterized by two or more microwave 
exposure means existing. 

[Claim 4] Equipment according to claim 1 to 3 characterized by having a means to ventilate to a 
thread. 

[Claim 5] Equipment according to claim 1 to 4 characterized by having further a means to rotate 
a means to fix, and to carry in and take out the humid film ****(ed) in the shape of a thread. 
[Claim 6] Equipment according to claim 1 to 5 characterized by a container having a microwave 
cutoff function. 

[Claim 7] Equipment according to claim 1 to 6 characterized by having further the temperature 
control means which keeps the temperature in a container constant. 
[Claim 8] Equipment according to claim 1 to 7 characterized by having further a means to 
circulate through the gas in a container. 

[Claim 9] Equipment according to claim 1 to 8 characterized by having further a means to 
permute the gas in a container by the external gas. 

[Claim 10] Equipment according to claim 1 to 9 whose hollow fiber is hollow filament- like 
blood purification film. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dryer of a hollow fiber. More, this invention 
is equipment for drying the humid film ****(ed) in the shape of a thread by microwave exposure 
at two or more bundle coincidence, and relates to the dryer aiming at preventing the poor engine 
performance of some [ by the local temperature rise in an irradiation reactor ] threads, and drying 
all threads to homogeneity at a detail. 



[0002] 

[Description of the Prior Art] The technique of using the film which has alternative permeability 
progresses splendidly in recent years, and utilization in extensive fields, such as a separation 
filter of a gas or a liquid, hemodialyzer in the medical field, a blood filter, and a constituent-of- 
blood selection separation filter, is progressing until now. As an ingredient of this film, 
polymers, such as cellulose types (a regenerated-cellulose system, a cellulose acetate system, 
chemistry denaturation cellulose type, etc.), a polyacrylonitrile system, a 

polymethylmethacrylate system, a polysulfone system, a polyethylene vinyl alcohol system, and 
a polyamide system, have been used. Among these, since haemocompatibility of a polysulfone 
system polymer improves by in addition to the thermal stability, acid-proof, and alkali resistance 
adding a hydrophilization agent to a film production undiluted solution, and producing a film to 
it, it was observed as a semipermeable membrane raw material, and research has been advanced. 
[0003] On the other hand, in order to paste up the film and to produce a module, it is necessary to 
dry the film but, and if the porous membrane which consists of an organic macromolecule, the 
permeable membrane which consists of hydrophobic polymers, such as a polysulfone system, 
especially, and ultrafiltration membrane are dried after film production, it is known that the 
amount of water penetration will fall remarkably compared with desiccation before. Therefore, 
the film always needed to be dealt with in the damp or wet condition and the condition of having 
made water immersed. 

[0004] The approach taken from the former as this cure was putting low volatility organic 
liquids, such as a glycerol, in the hole part in porous membrane after film production and before 
desiccation. However, since hyperviscosity [ a low volatility organic liquid ] generally, although 
washing clearance took time amount, module molding of the film was carried out and after 
washing was a minute amount, the problem was to see the effluent of the low volatility organic 
liquid origin etc. in module mounting fluid (various derivatives which reacted chemically with 
the low volatility organic liquid, and were generated). 

[0005] Although the method of using the mineral salt of a calcium chloride etc. instead of a low 
volatility organic liquid is shown in JP,6-277470,A as an approach of drying without using a low 
volatility organic liquid, there is no change in the need of carrying out washing clearance. 
Moreover, though it is a minute amount, it is apprehensive about the adverse effect which the 
mineral salt which remained has on a dialysis patient. 

[0006] Moreover, the manufacture approach of the hollow fiber which irradiates microwave is 
shown in JP,11-332980,A as the membranous desiccation approach, performing moist heat 
treatment by the steam to a hollow fiber. However, since steam treatment is carried out in order 
to prevent deformation of the film, though it is desiccation, there is a fault which lengthens the 
drying time, and further, since it is the desiccation after making low volatility organic liquids, 
such as a glycerol, adhere, the object of reducing the effluent from the film is not attained. 
[0007] The hydrophilization film containing the polyvinyl pyrrolidone which carried out 
desiccation processing to JP,8-52331,A and JP,8-9668,B, without using a low volatility organic 
liquid is indicated. Although the engine performance which separates a plasma component from 
blood is indicated by these, since plasma protein penetrates, it turns out that it is not effective as 
permeable membrane. Moreover, since the polyvinyl pyrrolidone is dried at the temperature 
decomposed and denatured, in the object of reducing the effluent from the film, it is the process 
which is not very desirable. 

[0008] Moreover, the hollow fiber to which blood made abundance of the polyvinyl pyrrolidone 
in the film internal surface which contacts directly about 20 - 50% is indicated by JP,6- 



296686,A. This shows the humid film for mainly lessening affixes, such as blood protein and a 
platelet. Therefore, although it is shown that aging of a filtrate rate cannot happen easily since 
blood protein cannot adhere easily, there is no publication about dialysis engine performance, 
like the permeability of albumin is low. 

[0009] this invention person proposed and did patent application of the approach of drying the 
humid film which has the specific engine performance, without sinking in low volatility organic 
liquids, such as a glycerol, and manufacturing the highly efficient blood purification film 
(application for patent No. 22246 [ 2001 to ]). However, when it was made the shape of a thread 
as a result of a subsequent examination and dried, it became clear by the core of a thread, and the 
film of the periphery section that some engine-performance difference arises. 
[0010] Then, this invention person proposed and did patent application of the approach of 
manufacturing the blood purification film which has improved the engine-performance 
difference in a thread (an application for patent No. 309673 [ 2001 to ], an application for patent 
No. 309674 [ 2001 to ], application for patent No. 309675 [ 2001 to ]). However, in order to dry 
two or more threads simultaneously, when microwave irradiation equipment (irradiation reactor) 
was scaled up as a result of the further examination of this invention persons' after that, also by 
these approaches, the local temperature rise of a thread happened and it became clear that some 
threads become poor [ the engine performance ]. 
[0011] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is the dryer 
of the hollow fiber for drying the humid film ****( e d) in the shape of a thread to two or more 
coincidence by microwave exposure, and is to offer the dryer aiming at preventing the poor 
engine performance of some [ by the local temperature rise in an irradiation reactor ] threads, and 
drying all threads to homogeneity. 
[0012] 

[Means for Solving the Problem] There was no desiccation film for blood purification which has 
the dialysis engine performance dried without using the pit hold-back agent leading to the 
effluent from a module like the above to this invention person's etc. application invention 
(application for patent No. 22246 [ 2001 to ]). When the cause was dried without using a pit 
hold-back agent, the damp or wet condition was becoming the film of completely different low 
engine performance. Then, this invention person etc. produces beforehand the humid film which 
has the specific engine performance which is a diameter of an osculum in the amount of high 
water penetration rather than the target engine performance by application in the first half. There 
is nothing to the former of manufacturing the film which is made dried and contracting this and 
has the dialysis engine performance of a target. As a result of advancing research wholeheartedly 
based on the way of thinking that nobody thought of, there were very few effluents and the 
approach of obtaining the film which has the dialysis engine performance adhesion of blood 
protein and a platelet excelled [ engine performance ] in little permselectivity was offered. 
[0013] Then, when research was advanced further, this invention persons discovered that 
dispersion arose in the amount of water penetration, or penetrable ability by the core of a thread, 
and the film of the periphery section, when manufacturing the blood purification film by the 
approach of an application for patent No. 22246 [ 2001 to ], and the humid film was made into 
the shape of a thread and it dried. Then, in order to abolish dispersion, as a result of inquiring 
wholeheartedly, with devising a desiccation process, it found out that dispersion was suppressed 
and it newly carried out patent application (an application for patent No. 309673 [ 2001 to ], an 
application for patent No. 309674 [ 2001 to ], application for patent No. 309675 [ 2001 to ]). 



[0014] However, in order to dry two or more threads simultaneously, as a result of scaling up 
microwave irradiation equipment as a result of a subsequent examination, the thread which 
becomes poor [ the engine performance ] was generated. Although a cause is not clear, when the 
metal member which constitutes the tray used since a thread is fixed by the scale-up heats and 
discharges, it is guessed that some threads in an irradiation reactor carry out a temperature rise 
quickly, and it becomes poor [ the engine performance ]. It is difficult to produce only with 
plastics, without using a metal, since a tray is used also for receipts and payments of the thread 
into an irradiation reactor in order for a mechanical strength to fall. Then, in order to prevent 
heating and discharge of a metal member, as a result of inquiring wholeheartedly, it results in 
header this invention that some local temperature rises of a thread can be suppressed by passing 
the fluid (liquid) from which microwave [ surplus / except being used for the oscillation (heating 
of a water molecule) of the water molecule in a thread ] is removed efficiently in an irradiation 
reactor especially on the outskirts of a metal member or the outskirts of it. 

[0015] This invention is equipment for drying the humid film ****(ed) in the shape of (1) thread. 
In a container Namely, a microwave exposure means, The dryer of the hollow fiber characterized 
by having a means to fix, and to carry in and take out the humid film ****(ed) in the shape of a 
thread, and a means to pass in a container the liquid whose dielectric loss multipliers are 1-50, 
(2) Equipment of the above-mentioned ( 1 ) publication characterized by having piping for passing 
the liquid whose dielectric loss multipliers are 1-50 around the metal part in a container, or a 
metal part, (3) The above (1) characterized by two or more means to irradiate microwave 
existing, or a manufacturing installation given in (2), (4) The means used in order to fix and take 
the manufacturing installation given in either of - (3) and (1) (5) thread which are characterized 
by having a means to ventilate to a thread in and out is fixed. A manufacturing installation given 
in either of (1) - (4) characterized by having the means furthermore rotated, (6) A manufacturing 
installation given in either of (1) - (5) characterized by having the function in which a container 
intercepts microwave, (7) A manufacturing installation given in either of (1) - (6) characterized 
by having the function which a container keeps the temperature of the gas in a container 
constant, (8) A manufacturing installation given in either of (1) - (7) characterized by having the 
function in which a container circulates through the gas in a container, (9) It is related with 
equipment a manufacturing installation given in either of - (8), and given in either of above- 
mentioned (1) - (9) whose (1) (10) hollow fiber to which a container is characterized by having 
the function to replace the gas in a container with an external gas is hollow filament-like blood 
purification film. 
[0016] 

[Embodiment of the Invention] Although this invention is not necessarily restricted to the dryer 
of the hollow filament-like blood purification film, below, it explains the dryer of the hollow 
filament-like blood purification film (only henceforth the "film" or the "hollow filament-like 
film") of this invention. Although it is desirable that a pit hold-back agent is not included as for 
the hollow filament-like blood purification film manufactured using the dryer of this invention, it 
is not necessarily restricted to it. 

[0017] Below, the manufacture approach of the hollow filament-like blood purification film 
dried using the dryer of this invention is explained first. The manufacture approach of the hollow 
filament- like blood purification film of this invention manufactures the humid film of a big 
aperture beforehand in the amount of high water penetration, and has the description to make it 
dry without carrying out impregnation of the pit hold-back agent after desolventization. 
[0018] Usually, it is classified into the inorganic substance with which the pit hold-back agent 



used in case the hollow filament- like blood purification film is manufactured is anxious about the 
toxicity to the organic substance and the body which have viscosity. Since the pit hold-back 
agent which consists of the organic substance which has viscosity has high viscosity and it is 
difficult to carry out washing clearance thoroughly, it can change with the cause which remains 
in the film, is made to increase the elution volume from the film, reacts chemically with the pit 
hold-back agent which remained further, and produces deleterious material. On the other hand, 
since it remains in a minute amount also in the pit hold-back agent which consists of an 
inorganic substance, it is apprehensive about the adverse effect which it has on a dialysis patient. 
[0019] The pit hold-back agent as used in the field of this invention is matter put in the hole part 
in the film in the manufacture process before drying in order to prevent the degradation at the 
time of desiccation. It is possible by immersing the humid film in the solution containing a pit 
hold-back agent to put this hold-back agent in the hole part in the film. If even washing and 
clearance carry out a pit hold-back agent also even for after desiccation, it is possible to hold 
engine performance, such as the amount of water penetration equivalent to the humid film and 
rejection, according to the effectiveness of a pit hold-back agent. 

[0020] As a pit hold-back agent, the mineral salt of organic compounds, such as ethylene glycol, 
propylene glycol, a trimethylene glycol, 1, 2-butylene glycol, 1, 3-butylene glycol, and a sucrose 
fatty acid ester, and a calcium chloride, a sodium carbonate, sodium acetate, magnesium sulfate, 
a sodium sulfate, a zinc chloride, etc. can be mentioned. 

[0021] Moreover, in this invention, the amounts of water penetration are lOOmL(s) / (m2 and hr- 
mmHg) above in the amount of high water penetration, and the humid film of a big aperture 
means the humid film which the transmission of the polyvinyl pyrrolidone of weight average 
molecular weight 40,000 exceeds 75%, and has the engine performance whose transmission of 
the albumin in a cow plasma system is 0.3% or more. 

[0022] The permeability of cow plasma albumin can be measured by the following approaches. 
First, 100 hollow filament-like film with a die length of 20cm is bundled, and a small module is 
produced. The heparinize cow plasma (heparin 5000 IU/I, protein concentration 6.0 g/dL 
(deciliter)) warmed to this module at 37 degrees C is passed with the linear velocity of 
l.Ocm/second to a film internal-surface side, a module enters, and an ultrafiltration is performed 
for 30 minutes in mean-pressure 50mmHg of ** and ****. It computes permeability by 
measuring measurement of the concentration of the obtained filtrate and former liquid on the 
wavelength of 280nm with an ultraviolet spectroscopy photometer, and substituting it for the 
following formula (1). 

Permeability (%) =(absorbance of filtrate) xl00/(absorbance of former liquid) (1) 
[0023] The transmission of a polyvinyl pyrrolidone is called for by performing the same 
actuation as measurement of the transmission of cow plasma albumin except having used the 
water solution to filter as the phosphoric-acid buffer (0.15-mol [ // 1. ], pH7.4) water solution of 
3% of the weight of a polyvinyl pyrrolidone (BASF A.G. make K30, weight average molecular 
weight 40,000), and the module having entered and having set the mean pressure of ** and **** 
to 200mmHg(s). 

[0024] After the humid film of a big aperture making a polysulfone system polymer (only 
henceforth a "polymer"), a polyvinyl pyrrolidone, and the film production undiluted solution that 
consists of a solvent breathe out from a double annular nozzle with internal liquid in the amount 
of high water penetration and passing an air gap, in the manufacture approach made to solidify 
by the coagulation bath, it can manufacture by using the water solution of the solvent of a 
polymer for internal liquid. 



[0025] Although internal liquid makes a membranous centrum and a membranous internal 
surface form, it turns out that the aperture of an internal surface becomes large in proportion to 
the solvent concentration in internal liquid. In this invention, since the permeable membrane of 
the engine performance of a target is obtained by carrying out drying shrinkage of the humid 
film, compared with the time of manufacturing the humid film which has the target solvent 
concentration in internal liquid dialysis-engine performance, it is necessary to make it high 
concentration. 

[0026] What has the repeat unit shown by the following formula (2) or the formula (3) as a 
polysulfone system polymer used by this invention is mentioned. In addition, Ar in a formula 
shows the phenyl group of two permutations in the para position, and limits neither about 
polymerization degree nor especially molecular weight. 
-0-Ar-C(CH3)2-Ar-0-Ar-S02-Ar- (2) 
-0-Ar-S02-Ar- (3) 

[0027] Since the hydrophilization effectiveness to the film is as high as the thing of the amount 
of macromolecules and little and as sufficient effectiveness as the thing of the amount of 
macromolecules can demonstrate a polyvinyl pyrrolidone, in this invention, a with a weight 
average molecular weight of 900,000 or more polyvinyl pyrrolidone is used. Although it is 
necessary to make the polyvinyl pyrrolidone of a large quantity remain in the film in order to 
give the hydrophilization effectiveness to the film using the polyvinyl pyrrolidone which has 
weight average molecular weight smaller than 900,000 for this reason, the effluent from the film 
will increase. Moreover, in order to lower an effluent to reverse, when ullage in the inside of the 
film of the polyvinyl pyrrolidone of weight average molecular weight smaller than 900,000 was 
lessened, the hydrophilization effectiveness becomes imperfection and hemodialysis is 
performed as a result, lowering of filtration velocity with time is caused and sufficient 
effectiveness cannot be demonstrated. 

[0028] Moreover, both the solvents used for the dissolution of a polysulfone system polymer and 
a polyvinyl pyrrolidone dissolve both these, and are a N-methyl-2-pyrrolidone, N.N- 
dimethylformamide, N,N-dimethylacetamide, etc. 

[0029] Especially if the polymer concentration in a film production undiluted solution is the 
range of concentration where the film which could produce the film and was obtained has the 
engine performance as film, it will not be restricted, but it is 10 - 30 % of the weight preferably 
five to 35% of the weight. In order to attain permeable high ability, the lower one of polymer 
concentration is good, and its 10 - 25 % of the weight is desirable. 

[0030] A still more important thing is the addition of a polyvinyl pyrrolidone, and the mixing 
ratio of the polyvinyl pyrrolidone to a polymer is 20 - 27 % of the weight still more preferably 
ten to 27% of the weight preferably 27 or less % of the weight. It is difficult to be in the 
inclination whose elution volume increases, when the mixing ratio of the polyvinyl pyrrolidone 
to a polymer exceeds 27 % of the weight, and to obtain the film of sponge structure, since the 
viscosity of a film production undiluted solution is low at less than 10 % of the weight. 
Moreover, what is necessary is it to be also possible for to add the 4th component, such as water 
and a poor solvent, in order to control undiluted solution viscosity and a dissolution condition, 
and for combination just to perform the class and an addition at any time. 

[0031] Water is desirable although the liquid which does not dissolve polymers, such as aliphatic 
hydrocarbon, such as alcohols; ether ;n-hexanes, such as a water; methanol and ethanol, and n- 
heptane, for example is used as a coagulation bath. Moreover, it is also possible to control a 
coagulation rate by adding a little the solvent which dissolves a polymer in a coagulation bath. - 



30-90 degrees C of 0-90 degrees C of temperature of a coagulation bath are 0-80 degrees C still 
more preferably preferably. The temperature of a coagulation bath exceeds 90 degrees C, or the 
surface state of the hollow filament-like film in a coagulation bath cannot be easily stabilized as 
it is less than -30 degrees C. 

[0032] Desiccation after desolventization washing is performed to the thread which is fully 
carrying out humidity with the gestalt (it is only henceforth called a "thread") of the thread which 
bundled several hollow filament-like many film by carrying out a microwave exposure. 
However, since it is suitable for drying the thread of low water content to homogeneity more, in 
order to prevent deformation and melting of the film by fault heating, when the average water 
content of a thread becomes 50 - 70% more preferably 20 to 70%, it is desirable [ a microwave 
exposure ] to reduce the output of a microwave exposure. 

[0033] Furthermore, it is desirable that the difference of the water content of the film in the core 
and the periphery section of this thread in the event of the average water content of a thread 
becoming 50 - 70% preferably 20 to 70% is less than 5% in order to suppress dispersion in the 
engine performance. It is possible at the time of desiccation to make the difference of the water 
content of the film in the core and the periphery section of a thread less than 5% by ventilating in 
a thread. Here, the core of a thread means one sixth of the range of a diameter from the central 
point in the circle configuration cross section of a thread. Moreover, the periphery section of a 
thread means one sixth of the range of a diameter from a periphery in the circle configuration 
cross section of a thread. 

[0034] Moreover, since it is the same, it is desirable also about the thread at the time of 
desiccation initiation that the difference of the water content of the film in the core and the 
periphery section of a thread is less than 10%. If the thread after desolventization is left, since a 
difference will arise in the water content of the core of a thread, and the periphery section, it is 
possible by immersing a thread underwater again, just before going into a desiccation process to 
make the difference of the water content of a thread core and the periphery section less than 
10%. 

[0035] Here, water content means what is calculated by count by (4) types from the weight (A 
(g)) of the thread before desiccation (or film), and the weight (B (g)) of a desiccation thread (or 
film). 

Water content (%) =(A-B)xl00/B (4) 

Furthermore, in order to abolish the difference of the rate of drying of the core of a thread, and 
the periphery section, it is desirable to ventilate in a thread the dehumidification gas of the 
temperature which does not exceed 40 degrees C. It means passing a wind between hollow 
filament-like film as ventilating in a thread. In this invention, ventilating a with a 40-degree-C or 
more temperature [ temperature 120 degrees C or less ] dehumidification gas in a thread means 
performing stoving to a thread at the same time it ventilates in a thread. 

[0036] In this invention, the microwave exposure to a thread is performed to two or more bundle 
coincidence in the sealed irradiation reactor (inside of a container). A thread is made to fix on the 
tray which consists of a metal member and a nonmetal (for example, plastics). Although the 
oscillation (heating of a water molecule) of the water molecule in a thread is made to consume 
microwave, excessive microwave causes heating and discharge of a metal member by one side. 
This heating and discharge cause the local temperature rise of a thread, and causes some poor 
engine performance of a thread. In order to lose the poor engine performance, in this invention, it 
made it possible to remove excessive microwave by passing in piping which installed the liquid 
with the high absorptive power of microwave in the irradiation reactor. 



[0037] As for the absorptive power of microwave, it is desirable to pour a liquid with a big 
dielectric loss multiplier, since it is proportional to the magnitude of a dielectric loss multiplier, 
and it is desirable that it is the liquid whose values of a dielectric loss multiplier are 1-50. The 
liquid with which a dielectric loss multiplier exceeds 50 preferably [ since the absorptive power 
of microwave is low at less than one ] is water of a supercooling condition etc., and is not 
practical. 

[0038] The dielectric loss multiplier in this invention means the product of the specific inductive 
capacity of the matter, and the value of a dielectric dissipation factor measured on the frequency 
of 2,450MHz (mega hertz). A dielectric loss multiplier as a liquid of 1-50 Alcohols; ethylene 
glycol, such as water; methyl alcohol and ethyl alcohol, Propylene glycol, a trimethylene glycol, 
1, 2-butylene glycol, 1, 3-butylene glycol, 2-butine -1, 4-diol, the 2-methyl -2, 4-PENTA diol, 2- 
ethyl -1, 3-hexandiol, a glycerol, tetraethylene glycol, Water is the most desirable although the 
glycol system or glycerol system compound of a polyethylene glycol 200, a polyethylene glycol 
300, and polyethylene-glycol 400 grade can be mentioned. 

[0039] In this invention, a waveguide means the source of an exposure of microwave. As for a 
waveguide, it is desirable to use more than one in proportion to the number of threads. Moreover, 
although the high thing of the output of microwave is desirable, an optimum value changes with 
the amounts and water content of the film to dry. 

[0040] Since a part of PVP in the film can be insolubilized in water by irradiating radiations, 
such as an electron ray and a gamma ray, at the film after desiccation, it is possible to reduce the 
elution volume from the film more. Whichever after a modularization of the exposure of a 
radiation is sufficient as a modularization front stirrup. Moreover, if all PVP in the film is 
insolubilized, while an elution volume can be reduced, it is not desirable from a leuco PENIA 
symptom being observed at the time of dialysis. 

[0041] With PVP unnecessary in the water as used in the field of this invention, the meltable 
amount of PVP is deducted from the total amount of PVP in the film in water. The total amount 
of PVP in the film is easily computable with the elemental analysis of nitrogen and sulfur. 
Moreover, the amount of PVP meltable in water can be calculated by the following approaches. 
After dissolving the film thoroughly by the N-methyl-2-pyrrolidone, water is added in the 
obtained polymer solution and a polysulfone system polymer is settled thoroughly. After putting 
this polymer solution furthermore, the quantum of meltable PVP can be carried out to water by 
carrying out the quantum of the amount of PVP in a supernatant with liquid chromatography. 
[0042] Especially the dryer of this invention is equipment suitable for drying the humid film 
which does not contain the pit hold-back agent ****(ed) in the shape of a thread to two or more 
coincidence, and the film obtained using this equipment It is the desiccation film which does not 
contain a pit hold-back agent. The permeability of the polyvinyl pyrrolidone of 10-l,000mL/(m2 
and hr-mmHg) and weight average molecular weight 40,000 at 75% or less [ the amount of water 
penetration of pure water ] And the transmission of the albumin in a cow plasma system is less 
than 0.3%, and it is the hollow filament-like blood purification film characterized by the 
variation in each engine performance being still smaller. 

[0043] Although the beta 2-microglobulin (molecular weight: 11,800) made into the causative 
agent for the improvement of dialysis amyloid condition of disease is made to fully penetrate in 
the latest hemodialysis therapy, the film which has the fractionation nature which does not make 
most albumin (molecular weight: 67,000) penetrate is called for, and the permeability of albumin 
[ in / in the film of this invention / a cow plasma system ] is 0.3% or less. Since it means losing 
greatly albumin effective in the inside of the body, it is not desirable as hemodialysis film that 



the transmission of albumin exceeds 0.3%. 

[0044] Moreover, the linear correlation which the amount of water penetration of pure water 
shows in the following formula (5) at the transmission (A (%)) of a polyvinyl pyrrolidone and 
the path clearance (B (a part for mL/)) of beta 2-microglobulin in the film of 10mL(s) / (ml and 
hr-mmHg) more than exists. Although it is required for path clearance assessment to fabricate 
and process the module of the dialysis specification which has the effective film surface product 
of 2 1.5m, with this assessment approach, it is measurable in simple, and it is possible to guess 
path clearance easily. 
B(part for mL/) =0.636A+29.99 (5) 

Here, in accordance with the performance-evaluation criteria of Japanese Society for Artificial 
Organs, dialysis measurement of the path clearance of beta 2-microglobulin is carried out at the 
module of the effective film surface product of 2 under a part (film internal- surface side) for 
blood flow rate 200mL/, and the conditions for dialysing fluid flow rate 500mL/(film outside- 
surface side) 1.5m. Although, as for the path clearance of beta 2-microglobulin, various things 
are demanded according to a dialysis patient's physical strength, or the percentage of completion 
of condition of disease and condition of disease, if the transmission of a polyvinyl pyrrolidone 
exceeds 75%, since the transmission of albumin will exceed 0.3%, the transmission of a 
polyvinyl pyrrolidone needs to be 75% or less. 

[0045] Moreover, since the pit hold-back agent is not being used for the film made by this 
invention by the production process, the effluent of the pit hold-back agent origin does not exist. 
Therefore, the absorbance of the effluent test fluid of the film of this invention is less than 0.04, 
and does not contain a pit hold-back agent in this test fluid. With effluent test fluid, it adjusts 
here based on hemodialysis apparatus acknowledgement criteria, and after putting 1.5g of 
desiccation hollow filament- like film cut to 2cm, and distilled-water-for-injection 150mL into 
the glassware which suits the alkali dissolution test of the glassware trial for injection of a 
Japanese pharmacopoeia, warming at 70**5 degrees C for 1 hour and removing the film after 
cooling, what added distilled water and was set to 150mL(s) is meant. An absorbance is 
measured with an ultraviolet absorption spectrum on the wavelength which shows the maximum 
absorption wavelength in 220-350nm. Although making an absorbance or less into 0.1 is defined 
on hemodialysis apparatus acknowledgement criteria, since the film of this invention does not 
hold a pit hold-back agent, it can attain less than 0.04. Moreover, about the existence of a pit 
hold-back agent, it is detectable by measuring the thing which condensed or removed [ moisture 
] this test fluid by well-known approaches, such as a gas chromatography, liquid 
chromatography, differential refractive media, an ultraviolet spectroscopy photometer, an 
infrared absorptiometry, nuclear- magnetic-resonance spectroscopy, and elemental analysis. 
Moreover, it is detectable also about whether a pit hold-back agent is included in the film with 
these measuring methods. 

[0046] The film made by this invention consists of a polysulfone system polymer and a 
polyvinyl pyrrolidone, and the concentration of the polyvinyl pyrrolidone in a film internal 
surface is 30 - 45 % of the weight. By the polysulfone system film which is the hydrophilic 
property of the film internal surface which blood touches, and contains a polyvinyl pyrrolidone 
(only henceforth "PVP"), the PVP concentration of a film internal surface is important for a 
factor important for membranous haemocompatibility. When the PVP concentration of a film 
internal surface is too low, a film internal surface shows hydrophobicity, plasma protein tends to 
adsorb, and the coagulation of blood also tends to take place. That is, it becomes membranous 
poor haemocompatibility. Conversely, if the PVP concentration of a film internal surface is too 



high, the elution volume to the blood system of PVP will increase, and the result which is not 
desirable will be given for the object and application of this invention. Therefore, the 
concentration of PVP of the film internal surface in this invention is 30 - 40% of range, and is 33 
- 40% preferably. 

[0047] The PVP concentration of a film internal surface is determined by the X ray photon 
spectrum (X-ray Photoelectron spectroscopy, henceforth, XPS). That is, after measurement of 
XPS of a film internal surface arranges a sample in on a double-sided tape, a cutter cuts it open 
to fiber shaft orientations, and after extending so that the membranous inside may become a 
table, it is measured by the usual approach. That is, Cls and Ols, the concentration for which it 
asked using the relative sensitivity coefficient of equipment attachment from the surface 
concentration (nitrogen atom concentration) of nitrogen and sulphuric surface concentration 
(sulfur atom concentration) is said from the integrated intensity of Nls and an S2p spectrum, and 
when a polysulfone system polymer is the structure of (2) types, it can ask by count by (6) types. 
PVP concentration (% of the weight) =ClMlxl00/(ClMl+C2M2) (6) 
It is here and is Cl:nitrogen atom concentration (%). 
C2: Sulfur atom concentration (%) 
Ml :P Molecular weight of the repeat unit of VP (1 1 1) 

M2: Molecular weight of the repeat unit of a polysulfone system polymer (442) 
[0048] Next, an example of the dryer of this invention is explained with reference to a drawing. 
The dryer shown in drawing 1 consists of a revolution means (6) which fixes a container (1), a 
microwave exposure means (2), a means (3) to fix, and to carry in and take out a thread, a thread 
ventilation means (4), a means (5) to pass the liquid whose dielectric loss multipliers are 1-50, 
and a means (3) to fix, and to carry in and take out a thread, and is rotated. 
[0049] The thread (7) fixed to the means (3) used in order to fix and to carry in and take out a 
thread is dried by the microwave irradiated from the microwave exposure means (2) within the 
container (1). A dehumidification gas is passed by the thread with a ventilation means (4) during 
a microwave exposure. Since a means (5) to pass the liquid whose dielectric loss multipliers are 
1-50 is furthermore established in the container, as a result of absorbing surplus microwave and 
preventing a local temperature rise, all threads can be dried to homogeneity. 
[0050] A container (1) has further the function which intercepts (a) microwave, the temperature 
control means which keeps the temperature in the (b) container constant, a means to circulate 
through the gas in the (c) container, and a means to permute the gas in the (d) container by the 
external gas. The function which intercepts microwave not only uses microwave for desiccation 
of a thread effectively, but is the insurance top need for an operator. Moreover, in order to 
abolish the engine-performance difference between desiccation batches, it is required to keep the 
temperature in a container constant. Furthermore, it is possible by replacing the gas in a 
container with circulation and the exterior to improve drying efficiency. 

[0051] Although it is not used since microwave is irradiated at a thread (7), and a configuration 
and especially magnitude are not limited, in order to dry two or more threads uniformly, as for a 
microwave exposure means (2), it is desirable to install more than one in a container. The means 
(3) used in order to fix and to carry in and take out a thread is used in order to fix the location of 
the thread within a container and to dry efficiently. Furthermore, immobilization and carrying-in 
/ taking-out means (3) can be removed from a dryer, in order to make immobilization and 
ejection of a thread easy. A thread ventilation means (4) is used in order to ventilate a gas in a 
thread. 

[0052] Although what kind of thing is sufficient as it as long as a means (5) to pass the liquid 



whose dielectric loss multipliers are 1-50 is a means by which a liquid can be poured, it is 
desirable that it is piping made from a nonmetal which makes the interior pass the liquid whose 
dielectric loss multipliers are 1-50. As for piping for liquid passage, it is desirable that it prepares 
metal members, such as a metal fixture, on the metal member in an irradiation reactor or the 
outskirts of it since excessive microwave tends to heat and discharge. The means (6) which fixes 
a means (3) to fix, and to carry in and take out a thread, and is rotated further is used in order to 
make the microwave exposure to a thread more equal. The revolution is horizontal. 
[0053] 

[Example] Although the example of this invention is shown below, this invention is not limited 
to this. 

(Measurement of the amount of platelet adhesion) The following operating procedure performed 
measurement of the amount of platelet adhesion to the film. Bundle ten hollow filament-like film 
with a die length of 15cm, produce a small module, and this module is made to pass heparinize 
Homo sapiens fresh blood for 15 minutes with the linear velocity of l.Ocm/second, and the 
physiological saline was continuously passed for 1 minute. Next, it computed as LDH activity of 
per a film surface product (internal-surface conversion) by carrying out the quantum of the 
lactate dehydrogenase (henceforth "LDH") emitted from the platelet which carried out beating of 
the hollow filament-like film to 5mm spacing extent, carried out ultrasonic irradiation in the 
physiological saline which contains the polyethylene-glycol alkylphenyl ether (Wako Pure Chem 
trade name triton X-100) 0.5%, and adhered to the film front face. Measurement of enzyme 
activity used the LDH mono-test kit (Boehringer Mannheim and made in Yamanouchi). In 
addition, it compared with a specimen and coincidence using the film (what was obtained by 
being immersed in ethanol for one day after the film of the example 1 in front of gamma 
irradiation was immersed in the sodium hypochlorite with an available chlorine concentration of 
1,500 ppm for two days) which does not contain PVP as positive control. 
[0054] (Plasma protein amount of adsorption) Except having carried out ultrafiltration time 
amount in 240 minutes, after the plasma protein amount of adsorption to the film performed the 
same actuation as the transmissometry of albumin, the physiological saline washed it for 1 
minute. Next, it computed as the protein amount of adsorption per film weight by carrying out 
beating of the hollow filament-like film to 5mm spacing extent, and carrying out the quantum of 
the plasma protein stirred and extracted in the physiological saline which contains lauryl acid 
sodium 1.0%. Protein concentration used BCA protein assay (made in Pierce). In addition, it 
compared with a specimen and coincidence using the film (what was obtained by being 
immersed in ethanol for one day after the film of the example 1 in front of gamma irradiation 
was immersed in the sodium hypochlorite with an available chlorine concentration of 1,500 ppm 
for two days) which does not contain PVP as positive control. 
[0055] 

[Example 1] (Film production and clearance of a residual solvent) It dissolved in 77.7 % of the 
weight of N,N-dimethylacetamide, and 18.0 % of the weight (product P-1700 made from Amoco 
Engineering Polymers) of polysulfones and 4.3 % of the weight (BASF A.G. make K90, weight 
average molecular weight 1,200,000) of polyvinyl pyrrolidones were used as the uniform 
solution. Here, the mixing ratio of the polyvinyl pyrrolidone to the polysulfone in a film 
production undiluted solution was 23.9 % of the weight. This film production undiluted solution 
was kept at 60 degrees C, and it was immersed to the coagulation bath which is made to breathe 
out from a spinning port (double annular nozzle 0.1mm - 0.2 mm to 0.3 mm), is made to pass a 
0.96m air gap, and consists of 75-degree C water with the internal liquid which consists of a 



mixed solution of 30 % of the weight of N.N-dimethylacetamide, and 70 % of the weight of 
water. At this time, from a spinning port to the coagulation bath was surrounded by the cylinder- 
like cylinder, the humidity in a cylinder was controlled and temperature was controlled for the 
nitrogen gas which contained the steam in the cylinder at 51 degrees C 54.5% with the sink. 
Spinning speed was fixed to a part for 80m/. Here, the ratio of the air gap to spinning speed was 
0.012m/(a part for ml). The residual solvent in the film was removed after cutting the rolled- 
round thread by washing a 80-degree C hot water shower over 2 hours from the cutting plane 
upper part of a thread (die length of 30cm, 9400 film numbers). 

[0056] The equipment shown in drawing 1 is used. (Desiccation of the humid film and 
insolubilization processing of PVP) The thread after the above-mentioned residual solvent 
clearance (the water content of the film of a thread core 300% 300%) [ water content ] The 
difference of the water content of the film [ in / in the water content of the film of the thread 
periphery section / the core and the periphery section of a thread ] has arranged each uniformly 
by regular intervals 300% by setting a thread to a tray for 90 bundles 0% in a microwave 
irradiation reactor (3m [/second ] wind speed in an irradiation reactor). It fixed with the fixture 
so that the cutting plane of a thread might surely become a top or the bottom at this time. 
Furthermore, six waveguides were uniformly fixed by regular intervals, respectively so that 
microwave might be irradiated by each thread in an irradiation reactor at homogeneity. 
[0057] The microwave exposure was carried out for 18 minutes with the microwave output of 
30kW (kilowatt) to this thread. The water content of the thread located in the core in an 
irradiation reactor at this event was 42% (for the water content of the film of a thread core, the 
water content of the film of 44% and the thread periphery section is 40%). Water content 
obtained less than 1% of desiccation film (thread) by reducing only the output of microwave to 
21kW succeedingly, and carrying out a microwave exposure for 8 more minutes. 
[0058] Moreover, the following actuation was performed between the time of desiccation 
initiation, and the time of desiccation termination. 

(1) Water was poured in piping made from a nonmetal installed in the surroundings of the tray in 
an irradiation reactor. 

(2) It was made to rotate at the rate of 4 revolutions of a tray in 1 minute. 

(3) The temperature in an irradiation reactor was held at 70**2 degrees C. 

(4) Dehumidification air (10% or less of humidity) was ventilated from the lower part of each 
thread from the lower part of a thread to the upper part at the 4m [/second ] wind speed. At this 
time, the 0.4m [/second ] wind speed was measured by the thread average from the upper part of 
a thread at the time of desiccation initiation. Furthermore, a part of PVP in the film was 
insolubilized by irradiating the gamma ray of 2.5Mrad(s) at the obtained desiccation film 
(thread). 

[0059] (Performance-evaluation result) Each physical properties of the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of each physical properties when evaluating all threads are shown in a table 1. 
When the thread (film) equivalent to an average value was used as the module of 2 the effective 
filtration area of 1.5m and path clearance of beta 2-microglobulin was surveyed, it turned out 
that it is by part for 32mL/, and it became clear that it is equivalent to a part for path clearance 
32.5mL/computed by having substituted it for the formula (5). Furthermore, when this module 
performed transit measurement of a urea and vitamin B12, the path clearance and the 
permeability of a urea were part 83% for 185mL(s)/, respectively. Moreover, about vitamin B12, 
it was part 48% for 95mL(s)/similarly. Measurement is [0044]. It carried out by the same 



approach. Moreover, 62% of the total amount of PVP in the film was insoluble in water. As a 
result of carrying out a membranous eluting material test, the absorbance of effluent test fluid 
was 0.04 or less. Moreover, since the pit hold-back agent was not used, in effluent test fluid, the 
pit hold-back agent was contained and was not. Furthermore, as for this film, compared with the 
positive control film, the amount of platelet adhesion became low (positive control film 43 
Unit/m2) clear [ that the amount of adhesion of plasma protein is also low ] (positive control film 
63 mg/g). It became clear that this film has very few elution volumes from the film, and there is 
little adhesion of blood protein and a platelet from the engine performance mentioned above. 
Moreover, since the transmission of albumin was excellent also in the path clearance of beta 2- 
microglobulin few, it turned out that it is the film excellent also in the dialysis engine 
performance. Furthermore, it became clear that there are also few engine -performance 
differences with the thread (thread of the outermost engine performance) which has the value 
from which it separated most to the average and this average of all threads compared with the 
example 1 of a comparison. 
[0060] 

[Example 2] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 78 % of the weight 4% of the weight. The mixing ratio of the polyvinyl 
pyrrolidone to the polysulfone in the film production undiluted solution at this time was 22.2 % 
of the weight. Each physical properties of the thread (thread of the outermost engine 
performance) which has the value from which it separated most to the average and this average 
of each physical properties when evaluating all the threads at this time are shown in a table 1. It 
became clear that this film has very few elution volumes from the film, and there is little 
adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, and 
since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned out 
that it is the film excellent also in the dialysis engine performance. Furthermore, it became clear 
that there are also few engine-performance differences with the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of all threads compared with the example 1 of a comparison. 
[0061] 

[Example 3] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 77.2 % of the weight 4.8% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 26.7 % of the weight. Each physical properties of the thread (thread of the outermost engine 
performance) which has the value from which it separated most to the average and this average 
of each physical properties when evaluating all the threads at this time are shown in a table 1 . It 
became clear that this film has very few elution volumes from the film, and there is little 
adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, and 
since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned out 
that it is the film excellent also in the dialysis engine performance. Furthermore, it became clear 
that there are also few engine-performance differences with the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of all threads compared with the example 1 of a comparison. 
[0062] 

[Example 4] The same actuation as an example 3 was performed except having used the mixing 



solution which turns into internal liquid from 52 % of the weight of N,N-dimethylacetamide, and 
48 % of the weight of water. Each physical properties of the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of each physical properties when evaluating all the threads at this time are shown in a 
table 1 . It became clear that this film has very few elution volumes from the film, and there is 
little adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, 
and since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned 
out that it is the film excellent also in the dialysis engine performance. Furthermore, it became 
clear that there are also few engine-performance differences with the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of all threads compared with the example 1 of a comparison. 
[0063] 

[The example 1 of a comparison] The same actuation as an example 1 was performed except 
there being nothing gamma ray Tern putting. This result is shown in a table 2. It became clear 
that the absorbance of elution test liquid exceeds 0.04 for elution of PVP. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0064] 

[The example 2 of a comparison] The same actuation as an example 1 was performed except 
having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 77.0 % of the weight 5.0% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 27.8 % of the weight. The engine performance of this thread is shown in a table 2. Since the 
mixing ratio of the polyvinyl pyrrolidone to the polysulfone in a film production undiluted 
solution is over 27 % of the weight, an elution volume and film internal-surface PVP 
concentration are increasing. The performance evaluation performed only the thread located in 
the core in an irradiation reactor. 
[0065] 

[The example 3 of a comparison] The same actuation as an example 1 was performed except 
having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 78.4 % of the weight 3.6% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 20.0 % of the weight. The engine performance of this thread is shown in a table 2. It became 
clear that the amount of PVP of a film internal surface is less than 30%. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0066] 

[The example 4 of a comparison] The same actuation as an example 3 was performed except 
having used the mixing solution which turns into internal liquid from 60 % of the weight of N,N- 
dimethylacetamide, and 40 % of the weight of water. The engine performance of this thread is 
shown in a table 2. This film was engine performance for which the permeability of albumin is 
over 0.3%, and the permeability of PVP also exceeds 75%. The performance evaluation 
performed only the thread located in the core in an irradiation reactor. 
[0067] 

[The example 5 of a comparison] The same actuation as an example 1 was performed except 
having used the mixing solution which turns into internal liquid from 10 % of the weight of N,N- 
dimethylacetamide, and 90 % of the weight of water. The engine performance of this thread is 
shown in a table 2. The amount of water penetration of pure water was the engine performance 



which is less than 10mL(s)/(m2 and hr-mmHg). The performance evaluation performed only the 

thread located in the core in an irradiation reactor. 

[0068] 

[The example 6 of a comparison] The same actuation as an example 1 was performed except 
having made drying temperature into 170 degrees C. The engine performance of this thread is 
shown in a table 2. All PVP in the film of this film was insoluble in water. This film is used as 
the module of 2 the effective filtration area of 1.5m, and it is [0044]. When it was alike and 
clinical blood assessment was carried out by the shown approach, the leuco PENIA symptom 
that a dialysis patient's white blood cell count fell temporarily was observed. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0069] 

[The example 7 of a comparison] The same actuation as an example 1 was performed except not 
pouring water in piping made from the nonmetal installed in the surroundings of the tray in an 
irradiation reactor, and the tray lower part. Each physical properties of the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of each physical properties when evaluating all the threads at this time are 
shown in a table 3. Discharge was observed from the metal member of the tray between 
microwave exposures. In the thread which exists on the outskirts of a metal fixture of a tray with 
this discharge and heating, that whose amount of water penetration is 0 (zero) was seen, and it 
became clear that the thread of the poor engine performance is generated clearly. 
[0070] 
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mt 


mi 


m 


m 


mm 3 


m 


«4 


©¥8 

m 


SB©* 

#©<i 


©¥*a 
m 


IB©* 
*©« 


® 


«©* 


©^tf) 


*©ffl 






195 


200 


200 




195 


196 


198 




285 


286 


288 


290 


285 




286 


28B 


hr-mmHg)) 


22 


19 


18 




23 




420 


400 


aa* t%) 


0.01 


0.01 


0.01 


0.01 

&.T 


0.01 


0.01 

&r 


0.01 


0.01 


PVP© 

mm* (%) 


4 


4 


4 


4 


5 


5 


72 


72 


«(«*%) 


35 


35 


30 


30 


44 


44 


36 


36 


X-hZ 
PVP ©#*s 






#5 




*f 






*D 




0.022 


0.022 


0.020 


0.020 


0.035 


0.Q35 


0.022 


0.022 


&tii 

©WJL#*!f3iJ© 

. 


«L 


SSL 


SSL 


*L 


JUL 


mu 


SSL 


SSL 


(LDHUnit/m 2 ) 


15.6 


15.7 


17.7 


17.5 


4.1 


4.1 


14.0 


14.1 


®*S (mg/g) 


2.2 


2.2 


5.5 


5.6 


1.9 


1.9 


2.0 


2.0 


hr-mmHg)) 


190 


190 


170 


170 


260 


260 


3100 


3100 


mm (%) 


0.32 


0.32 


0.34 


0.34 


0.35 


0.35 


0.51 


0.51 


PVP© 

mm c%) 


77 


77 


84 


84 


84 


84 


99 


99 



[0071] 
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[0073] 

[Effect of the Invention] According to the dryer of this invention, a hollow fiber can be dried, 
without producing the poor engine performance in some threads, when drying the humid film 
****(ed) in the shape of a thread to two or more bundle coincidence by microwave exposure. 
The manufactured hollow fiber has very few elution volumes from the film, and since it has the 
outstanding dialysis engine performance with little adhesion of blood protein and a platelet, it 
can be used for a remedy application, a medical-application way, and a general industrial 
application. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the dryer of a hollow fiber. More, this invention 
is equipment for drying the humid film ****(ed) in the shape of a thread by microwave exposure 
at two or more bundle coincidence, and relates to the dryer aiming at preventing the poor engine 
performance of some [ by the local temperature rise in an irradiation reactor ] threads, and drying 
all threads to homogeneity at a detail. 



PRIOR ART 



[Description of the Prior Art] The technique of using the film which has alternative permeability 
progresses splendidly in recent years, and utilization in extensive fields, such as a separation 
filter of a gas or a liquid, hemodialyzer in the medical field, a blood filter, and a constituent-of- 
blood selection separation filter, is progressing until now. As an ingredient of this film, 
polymers, such as cellulose types (a regenerated-cellulose system, a cellulose acetate system, 
chemistry denaturation cellulose type, etc.), a polyacrylonitrile system, a 

polymethylmethacrylate system, a polysulfone system, a polyethylene vinyl alcohol system, and 
a polyamide system, have been used. Among these, since haemocompatibility of a polysulfone 
system polymer improves by in addition to the thermal stability, acid-proof, and alkali resistance 
adding a hydrophilization agent to a film production undiluted solution, and producing a film to 
it, it was observed as a semipermeable membrane raw material, and research has been advanced. 
[0003] On the other hand, in order to paste up the film and to produce a module, it is necessary to 
dry the film but, and if the porous membrane which consists of an organic macromolecule, the 
permeable membrane which consists of hydrophobic polymers, such as a polysulfone system, 
especially, and ultrafiltration membrane are dried after film production, it is known that the 
amount of water penetration will fall remarkably compared with desiccation before. Therefore, 
the film always needed to be dealt with in the damp or wet condition and the condition of having 
made water immersed. 

[0004] The approach taken from the former as this cure was putting low volatility organic 
liquids, such as a glycerol, in the hole part in porous membrane after film production and before 
desiccation. However, since hyperviscosity [ a low volatility organic liquid ] generally, although 
washing clearance took time amount, module molding of the film was carried out and after 
washing was a minute amount, the problem was to see the effluent of the low volatility organic 
liquid origin etc. in module mounting fluid (various derivatives which reacted chemically with 
the low volatility organic liquid, and were generated). 

[0005] Although the method of using the mineral salt of a calcium chloride etc. instead of a low 
volatility organic liquid is shown in JP,6-277470,A as an approach of drying without using a low 
volatility organic liquid, there is no change in the need of carrying out washing clearance. 
Moreover, though it is a minute amount, it is apprehensive about the adverse effect which the 
mineral salt which remained has on a dialysis patient. 

[0006] Moreover, the manufacture approach of the hollow fiber which irradiates microwave is 
shown in JP,11-332980,A as the membranous desiccation approach, perfomring moist heat 
treatment by the steam to a hollow fiber. However, since steam treatment is carried out in order 
to prevent deformation of the film, though it is desiccation, there is a fault which lengthens the 
drying time, and further, since it is the desiccation after making low volatility organic liquids, 
such as a glycerol, adhere, the object of reducing the effluent from the film is not attained. 
[0007] The hydrophilization film containing the polyvinyl pyrrolidone which carried out 
desiccation processing to JP,8-52331,A and JP,8-9668,B, without using a low volatility organic 
liquid is indicated. Although the engine performance which separates a plasma component from 
blood is indicated by these, since plasma protein penetrates, it turns out that it is not effective as 
permeable membrane. Moreover, since the polyvinyl pyrrolidone is dried at the temperature 
decomposed and denatured, in the object of reducing the effluent from the film, it is the process 



which is not very desirable. 

[0008] Moreover, the hollow fiber to which blood made abundance of the polyvinyl pyrrolidone 
in the film internal surface which contacts directly about 20 - 50% is indicated by JP,6- 
296686,A. This shows the humid film for mainly lessening affixes, such as blood protein and a 
platelet. Therefore, although it is shown that aging of a filtrate rate cannot happen easily since 
blood protein cannot adhere easily, there is no publication about dialysis engine performance, 
like the permeability of albumin is low. 

[0009] this invention person proposed and did patent application of the approach of drying the 
humid film which has the specific engine performance, without sinking in low volatility organic 
liquids, such as a glycerol, and manufacturing the highly efficient blood purification film 
(application for patent No. 22246 [ 2001 to ]). However, when it was made the shape of a thread 
as a result of a subsequent examination and dried, it became clear by the core of a thread, and the 
film of the periphery section that some engine-performance difference arises. 
[0010] Then, this invention person proposed and did patent application of the approach of 
manufacturing the blood purification film which has improved the engine-performance 
difference in a thread (an application for patent No. 309673 [ 2001 to ], an application for patent 
No. 309674 [ 2001 to ], application for patent No. 309675 [ 2001 to ]). However, in order to dry 
two or more threads simultaneously, when microwave irradiation equipment (irradiation reactor) 
was scaled up as a result of the further examination of this invention persons' after that, also by 
these approaches, the local temperature rise of a thread happened and it became clear that some 
threads become poor [ the engine performance ]. 



EFFECT OF THE INVENTION 

[Effect of the Invention] According to the dryer of this invention, a hollow fiber can be dried, 
without producing the poor engine performance in some threads, when drying the humid film 
****(ed) in the shape of a thread to two or more bundle coincidence by microwave exposure. 
The manufactured hollow fiber has very few elution volumes from the film, and since it has the 
outstanding dialysis engine performance with little adhesion of blood protein and a platelet, it 
can be used for a remedy application, a medical-application way, and a general industrial 
application. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The technical problem of this invention is the dryer 
of the hollow fiber for drying the humid film ****(ed) in the shape of a thread to two or more 
coincidence by microwave exposure, and is to offer the dryer aiming at preventing the poor 
engine performance of some [ by the local temperature rise in an irradiation reactor ] threads, and 
drying all threads to homogeneity. 



MEANS 



[Means for Solving the Problem] There was no desiccation film for blood purification which has 
the dialysis engine performance dried without using the pit hold-back agent leading to the 
effluent from a module like the above to this invention person's etc. application invention 
(application for patent No. 22246 [ 2001 to ]). When the cause was dried without using a pit 
hold-back agent, the damp or wet condition was becoming the film of completely different low 
engine performance. Then, this invention person etc. produces beforehand the humid film which 
has the specific engine performance which is a diameter of an osculum in the amount of high 
water penetration rather than the target engine performance by application in the first half. There 
is nothing to the former of manufacturing the film which is made dried and contracting this and 
has the dialysis engine performance of a target. As a result of advancing research wholeheartedly 
based on the way of thinking that nobody thought of, there were very few effluents and the 
approach of obtaining the film which has the dialysis engine performance adhesion of blood 
protein and a platelet excelled [ engine performance ] in little permselectivity was offered. 
[0013] Then, when research was advanced further, this invention persons discovered that 
dispersion arose in the amount of water penetration, or penetrable ability by the core of a thread, 
and the film of the periphery section, when manufacturing the blood purification film by the 
approach of an application for patent No. 22246 [ 2001 to ], and the humid film was made into 
the shape of a thread and it dried. Then, in order to abolish dispersion, as a result of inquiring 
wholeheartedly, with devising a desiccation process, it found out that dispersion was suppressed 
and it newly carried out patent application (an application for patent No. 309673 [ 2001 to ], an 
application for patent No. 309674 [ 2001 to ], application for patent No. 309675 [ 2001 to ]). 
[0014] However, in order to dry two or more threads simultaneously, as a result of scaling up 
microwave irradiation equipment as a result of a subsequent examination, the thread which 
becomes poor [ the engine performance ] was generated. Although a cause is not clear, when the 
metal member which constitutes the tray used since a thread is fixed by the scale-up heats and 
discharges, it is guessed that some threads in an irradiation reactor carry out a temperature rise 
quickly, and it becomes poor [ the engine performance ]. It is difficult to produce only with 
plastics, without using a metal, since a tray is used also for receipts and payments of the thread 
into an irradiation reactor in order for a mechanical strength to fall. Then, in order to prevent 
heating and discharge of a metal member, as a result of inquiring wholeheartedly, it results in 
header this invention that some local temperature rises of a thread can be suppressed by passing 
the fluid (liquid) from which microwave [ surplus / except being used for the oscillation (heating 
of a water molecule) of the water molecule in a thread ] is removed efficiently in an irradiation 
reactor especially on the outskirts of a metal member or the outskirts of it. 

[0015] This invention is equipment for drying the humid film ****(ed) in the shape of (1) thread. 
In a container Namely, a microwave exposure means, The dryer of the hollow fiber characterized 
by having a means to fix, and to carry in and take out the humid film ****(ed) in the shape of a 
thread, and a means to pass in a container the liquid whose dielectric loss multipliers are 1-50, 
(2) Equipment of the above-mentioned (1) publication characterized by having piping for passing 
the liquid whose dielectric loss multipliers are 1-50 around the metal part in a container, or a 
metal part, (3) The above (1) characterized by two or more means to irradiate microwave 
existing, or a manufacturing installation given in (2), (4) The means used in order to fix and take 
the manufacturing installation given in either of - (3) and (1) (5) thread which are characterized 



by having a means to ventilate to a thread in and out is fixed. A manufacturing installation given 
in either of (1) - (4) characterized by having the means furthermore rotated, (6) A manufacturing 
installation given in either of (1) - (5) characterized by having the function in which a container 
intercepts microwave, (7) A manufacturing installation given in either of (1) - (6) characterized 
by having the function which a container keeps the temperature of the gas in a container 
constant, (8) A manufacturing installation given in either of (1) - (7) characterized by having the 
function in which a container circulates through the gas in a container, (9) It is related with 
equipment a manufacturing installation given in either of - (8), and given in either of above- 
mentioned (1) - (9) whose (1) (10) hollow fiber to which a container is characterized by having 
the function to replace the gas in a container with an external gas is hollow filament-like blood 
purification film. 
[0016] 

[Embodiment of the Invention] Although this invention is not necessarily restricted to the dryer 
of the hollow filament-like blood purification film, below, it explains the dryer of the hollow 
filament-like blood purification film (only henceforth the "film" or the "hollow filament-like 
film") of this invention. Although it is desirable that a pit hold-back agent is not included as for 
the hollow filament-like blood purification film manufactured using the dryer of this invention, it 
is not necessarily restricted to it. 

[0017] Below, the manufacture approach of the hollow filament-like blood purification film 
dried using the dryer of this invention is explained first. The manufacture approach of the hollow 
filament-like blood purification film of this invention manufactures the humid film of a big 
aperture beforehand in the amount of high water penetration, and has the description to make it 
dry without carrying out impregnation of the pit hold-back agent after desolventization. 
[0018] Usually, it is classified into the inorganic substance with which the pit hold-back agent 
used in case the hollow filament-like blood purification film is manufactured is anxious about the 
toxicity to the organic substance and the body which have viscosity. Since the pit hold-back 
agent which consists of the organic substance which has viscosity has high viscosity and it is 
difficult to carry out washing clearance thoroughly, it can change with the cause which remains 
in the film, is made to increase the elution volume from the film, reacts chemically with the pit 
hold-back agent which remained further, and produces deleterious material. On the other hand, 
since it remains in a minute amount also in the pit hold-back agent which consists of an 
inorganic substance, it is apprehensive about the adverse effect which it has on a dialysis patient. 
[0019] The pit hold-back agent as used in the field of this invention is matter put in the hole part 
in the film in the manufacture process before drying in order to prevent the degradation at the 
time of desiccation. It is possible by immersing the humid film in the solution containing a pit 
hold-back agent to put this hold-back agent in the hole part in the film. If even washing and 
clearance carry out a pit hold-back agent also even for after desiccation, it is possible to hold 
engine performance, such as the amount of water penetration equivalent to the humid film and 
rejection, according to the effectiveness of a pit hold-back agent. 

[0020] As a pit hold-back agent, the mineral salt of organic compounds, such as ethylene glycol, 
propylene glycol, a trimethylene glycol, 1, 2-butylene glycol, 1, 3-butylene glycol, and a sucrose 
fatty acid ester, and a calcium chloride, a sodium carbonate, sodium acetate, magnesium sulfate, 
a sodium sulfate, a zinc chloride, etc. can be mentioned. 

[0021] Moreover, in this invention, the amounts of water penetration are 100mL(s) / (m2 and hr- 
mmHg) above in the amount of high water penetration, and the humid film of a big aperture 
means the humid film which the transmission of the polyvinyl pyrrolidone of weight average 



molecular weight 40,000 exceeds 75%, and has the engine performance whose transmission of 
the albumin in a cow plasma system is 0.3% or more. 

[0022] The permeability of cow plasma albumin can be measured by the following approaches. 
First, 100 hollow filament- like film with a die length of 20cm is bundled, and a small module is 
produced. The heparinize cow plasma (heparin 5000 IU/I, protein concentration 6.0 g/dL 
(deciliter)) warmed to this module at 37 degrees C is passed with the linear velocity of 
l.Ocm/second to a film internal-surface side, a module enters, and an ultrafiltration is performed 
for 30 minutes in mean-pressure 50mmHg of ** and ****. It computes permeability by 
measuring measurement of the concentration of the obtained filtrate and former liquid on the 
wavelength of 280nm with an ultraviolet spectroscopy photometer, and substituting it for the 
following formula (1). 

Permeability (%) =(absorbance of filtrate) xl00/(absorbance of former liquid) (1) 
[0023] The transmission of a polyvinyl pyrrolidone is called for by performing the same 
actuation as measurement of the transmission of cow plasma albumin except having used the 
water solution to filter as the phosphoric-acid buffer (0.15-mol [ // 1. ], pH7.4) water solution of 
3% of the weight of a polyvinyl pyrrolidone (BASF A.G. make K30, weight average molecular 
weight 40,000), and the module having entered and having set the mean pressure of ** and **** 
to 200mmHg(s). 

[0024] After the humid film of a big aperture making a polysulfone system polymer (only 
henceforth a "polymer"), a polyvinyl pyrrolidone, and the film production undiluted solution that 
consists of a solvent breathe out from a double annular nozzle with internal liquid in the amount 
of high water penetration and passing an air gap, in the manufacture approach made to solidify 
by the coagulation bath, it can manufacture by using the water solution of the solvent of a 
polymer for internal liquid. 

[0025] Although internal liquid makes a membranous centrum and a membranous internal 
surface form, it turns out that the aperture of an internal surface becomes large in proportion to 
the solvent concentration in internal liquid. In this invention, since the permeable membrane of 
the engine performance of a target is obtained by carrying out drying shrinkage of the humid 
film, compared with the time of manufacturing the humid film which has the target solvent 
concentration in internal liquid dialysis-engine performance, it is necessary to make it high 
concentration. 

[0026] What has the repeat unit shown by the following formula (2) or the formula (3) as a 
polysulfone system polymer used by this invention is mentioned. In addition, Ar in a formula 
shows the phenyl group of two permutations in the para position, and limits neither about 
polymerization degree nor especially molecular weight. 
-0-Ar-C(CH3)2-Ar-0-Ar-S02-Ar- (2) 
-0-Ar-S02-Ar- (3) 

[0027] Since the hydrophilization effectiveness to the film is as high as the thing of the amount 
of macromolecules and little and as sufficient effectiveness as the thing of the amount of 
macromolecules can demonstrate a polyvinyl pyrrolidone, in this invention, a with a weight 
average molecular weight of 900,000 or more polyvinyl pyrrolidone is used. Although it is 
necessary to make the polyvinyl pyrrolidone of a large quantity remain in the film in order to 
give the hydrophilization effectiveness to the film using the polyvinyl pyrrolidone which has 
weight average molecular weight smaller than 900,000 for this reason, the effluent from the film 
will increase. Moreover, in order to lower an effluent to reverse, when ullage in the inside of the 
film of the polyvinyl pyrrolidone of weight average molecular weight smaller than 900,000 was 



lessened, the hydrophilization effectiveness becomes imperfection and hemodialysis is 
performed as a result, lowering of filtration velocity with time is caused and sufficient 
effectiveness cannot be demonstrated. 

[0028] Moreover, both the solvents used for the dissolution of a polysulfone system polymer and 
a polyvinyl pyrrolidone dissolve both these, and are a N-methyl-2-pyrrolidone, N.N- 
dimethylformamide, N,N-dimethylacetamide, etc. 

[0029] Especially if the polymer concentration in a film production undiluted solution is the 
range of concentration where the film which could produce the film and was obtained has the 
engine performance as film, it will not be restricted, but it is 10 - 30 % of the weight preferably 
five to 35% of the weight. In order to attain permeable high ability, the lower one of polymer 
concentration is good, and its 10 - 25 % of the weight is desirable. 

[0030] A still more important thing is the addition of a polyvinyl pyrrolidone, and the mixing 
ratio of the polyvinyl pyrrolidone to a polymer is 20 - 27 % of the weight still more preferably 
ten to 27% of the weight preferably 27 or less % of the weight. It is difficult to be in the 
inclination whose elution volume increases, when the mixing ratio of the polyvinyl pyrrolidone 
to a polymer exceeds 27 % of the weight, and to obtain the film of sponge structure, since the 
viscosity of a film production undiluted solution is low at less than 10 % of the weight. 
Moreover, what is necessary is it to be also possible for to add the 4th component, such as water 
and a poor solvent, in order to control undiluted solution viscosity and a dissolution condition, 
and for combination just to perform the class and an addition at any time. 

[0031] Water is desirable although the liquid which does not dissolve polymers, such as aliphatic 
hydrocarbon, such as alcohols; ether;n-hexanes, such as a water; methanol and ethanol, and n- 
heptane, for example is used as a coagulation bath. Moreover, it is also possible to control a 
coagulation rate by adding a little the solvent which dissolves a polymer in a coagulation bath. - 
30-90 degrees C of 0-90 degrees C of temperature of a coagulation bath are 0-80 degrees C still 
more preferably preferably. The temperature of a coagulation bath exceeds 90 degrees C, or the 
surface state of the hollow filament-like film in a coagulation bath cannot be easily stabilized as 
it is less than -30 degrees C. 

[0032] Desiccation after desolventization washing is performed to the thread which is fully 
carrying out humidity with the gestalt (it is only henceforth called a "thread") of the thread which 
bundled several hollow filament-like many film by carrying out a microwave exposure. 
However, since it is suitable for drying the thread of low water content to homogeneity more, in 
order to prevent deformation and melting of the film by fault heating, when the average water 
content of a thread becomes 50 - 70% more preferably 20 to 70%, it is desirable [ a microwave 
exposure ] to reduce the output of a microwave exposure. 

[0033] Furthermore, it is desirable that the difference of the water content of the film in the core 
and the periphery section of this thread in the event of the average water content of a thread 
becoming 50 - 70% preferably 20 to 70% is less than 5% in order to suppress dispersion in the 
engine performance. It is possible at the time of desiccation to make the difference of the water 
content of the film in the core and the periphery section of a thread less than 5% by ventilating in 
a thread. Here, the core of a thread means one sixth of the range of a diameter from the central 
point in the circle configuration cross section of a thread. Moreover, the periphery section of a 
thread means one sixth of the range of a diameter from a periphery in the circle configuration 
cross section of a thread. 

[0034] Moreover, since it is the same, it is desirable also about the thread at the time of 
desiccation initiation that the difference of the water content of the film in the core and the 



periphery section of a thread is less than 10%. If the thread after desolventization is left, since a 
difference will arise in the water content of the core of a thread, and the periphery section, it is 
possible by immersing a thread underwater again, just before going into a desiccation process to 
make the difference of the water content of a thread core and the periphery section less than 
10%. 

[0035] Here, water content means what is calculated by count by (4) types from the weight (A 
(g)) of the thread before desiccation (or film), and the weight (B (g)) of a desiccation thread (or 
film). 

Water content (%) =(A-B)xl00/B (4) 

Furthermore, in order to abolish the difference of the rate of drying of the core of a thread, and 
the periphery section, it is desirable to ventilate in a thread the dehumidification gas of the 
temperature which does not exceed 40 degrees C. It means passing a wind between hollow 
filament-like film as ventilating in a thread. In this invention, ventilating a with a 40-degree-C or 
more temperature [ temperature 120 degrees C or less ] dehumidification gas in a thread means 
performing stoving to a thread at the same time it ventilates in a thread. 

[0036] In this invention, the microwave exposure to a thread is performed to two or more bundle 
coincidence in the sealed irradiation reactor (inside of a container). A thread is made to fix on the 
tray which consists of a metal member and a nonmetal (for example, plastics). Although the 
oscillation (heating of a water molecule) of the water molecule in a thread is made to consume 
microwave, excessive microwave causes heating and discharge of a metal member by one side. 
This heating and discharge cause the local temperature rise of a thread, and causes some poor 
engine performance of a thread. In order to lose the poor engine performance, in this invention, it 
made it possible to remove excessive microwave by passing in piping which installed the liquid 
with the high absorptive power of microwave in the irradiation reactor. 
[0037] As for the absorptive power of microwave, it is desirable to pour a liquid with a big 
dielectric loss multiplier, since it is proportional to the magnitude of a dielectric loss multiplier, 
and it is desirable that it is the liquid whose values of a dielectric loss multiplier are 1-50. The 
liquid with which a dielectric loss multiplier exceeds 50 preferably [ since the absorptive power 
of microwave is low at less than one ] is water of a supercooling condition etc., and is not 
practical. 

[0038] The dielectric loss multiplier in this invention means the product of the specific inductive 
capacity of the matter, and the value of a dielectric dissipation factor measured on the frequency 
of 2,450MHz (mega hertz). A dielectric loss multiplier as a liquid of 1-50 Alcohols; ethylene 
glycol, such as water; methyl alcohol and ethyl alcohol, Propylene glycol, a trimethylene glycol, 
1, 2-butylene glycol, 1, 3-butylene glycol, 2-butine -1, 4-diol, the 2-methyl -2, 4-PENTA diol, 2- 
ethyl -1, 3-hexandiol, a glycerol, tetraethylene glycol, Water is the most desirable although the 
glycol system or glycerol system compound of a polyethylene glycol 200, a polyethylene glycol 
300, and polyethylene-glycol 400 grade can be mentioned. 

[0039] In this invention, a waveguide means the source of an exposure of microwave. As for a 
waveguide, it is desirable to use more than one in proportion to the number of threads. Moreover, 
although the high thing of the output of microwave is desirable, an optimum value changes with 
the amounts and water content of the film to dry. 

[0040] Since a part of PVP in the film can be insolubilized in water by irradiating radiations, 
such as an electron ray and a gamma ray, at the film after desiccation, it is possible to reduce the 
elution volume from the film more. Whichever after a modularization of the exposure of a 
radiation is sufficient as a modularization front stirrup. Moreover, if all PVP in the film is 



insolubilized, while an elution volume can be reduced, it is not desirable from a leuco PENIA 
symptom being observed at the time of dialysis. 

[0041] With PVP unnecessary in the water as used in the field of this invention, the meltable 
amount of PVP is deducted from the total amount of PVP in the film in water. The total amount 
of PVP in the film is easily computable with the elemental analysis of nitrogen and sulfur. 
Moreover, the amount of PVP meltable in water can be calculated by the following approaches. 
After dissolving the film thoroughly by the N-methyl-2-pyrrolidone, water is added in the 
obtained polymer solution and a polysulfone system polymer is settled thoroughly. After putting 
this polymer solution furthermore, the quantum of meltable PVP can be carried out to water by 
carrying out the quantum of the amount of PVP in a supernatant with liquid chromatography. 
[0042] Especially the dryer of this invention is equipment suitable for drying the humid film 
which does not contain the pit hold-back agent ****(ed) in the shape of a thread to two or more 
coincidence, and the film obtained using this equipment It is the desiccation film which does not 
contain a pit hold-back agent. The permeability of the polyvinyl pyrrolidone of 10-l,000mL/(m2 
and hr-mmHg) and weight average molecular weight 40,000 at 75% or less [ the amount of water 
penetration of pure water ] And the transmission of the albumin in a cow plasma system is less 
than 0.3%, and it is the hollow filament-like blood purification film characterized by the 
variation in each engine performance being still smaller. 

[0043] Although the beta 2-microglobulin (molecular weight: 1 1 ,800) made into the causative 
agent for the improvement of dialysis amyloid condition of disease is made to fully penetrate in 
the latest hemodialysis therapy, the film which has the fractionation nature which does not make 
most albumin (molecular weight: 67,000) penetrate is called for, and the permeability of albumin 
[ in / in the film of this invention / a cow plasma system ] is 0.3% or less. Since it means losing 
greatly albumin effective in the inside of the body, it is not desirable as hemodialysis film that 
the transmission of albumin exceeds 0.3%. 

[0044] Moreover, the linear correlation which the amount of water penetration of pure water 
shows in the following formula (5) at the transmission (A (%)) of a polyvinyl pyrrolidone and 
the path clearance (B (a part for mL/)) of beta 2-microglobulin in the film of 10mL(s) / (m2 and 
hr-mmHg) more than exists. Although it is required for path clearance assessment to fabricate 
and process the module of the dialysis specification which has the effective film surface product 
of 2 1.5m, with this assessment approach, it is measurable in simple, and it is possible to guess 
path clearance easily. 
B(part for mL/) =0.636A+29.99 (5) 

Here, in accordance with the performance-evaluation criteria of Japanese Society for Artificial 
Organs, dialysis measurement of the path clearance of beta 2-microglobulin is carried out at the 
module of the effective film surface product of 2 under a part (film internal- surface side) for 
blood flow rate 200mL/, and the conditions for dialysing fluid flow rate 500mL/(film outside- 
surface side) 1.5m. Although, as for the path clearance of beta 2-microglobulin, various things 
are demanded according to a dialysis patient's physical strength, or the percentage of completion 
of condition of disease and condition of disease, if the transmission of a polyvinyl pyrrolidone 
exceeds 75%, since the transmission of albumin will exceed 0.3%, the transmission of a 
polyvinyl pyrrolidone needs to be 75% or less. 

[0045] Moreover, since the pit hold-back agent is not being used for the film made by this 
invention by the production process, the effluent of the pit hold-back agent origin does not exist. 
Therefore, the absorbance of the effluent test fluid of the film of this invention is less than 0.04, 
and does not contain a pit hold-back agent in this test fluid. With effluent test fluid, it adjusts 



here based on hemodialysis apparatus acknowledgement criteria, and after putting 1.5g of 
desiccation hollow filament- like film cut to 2cm, and distilled- water-for- injection 150mL into 
the glassware which suits the alkali dissolution test of the glassware trial for injection of a 
Japanese pharmacopoeia, warming at 70**5 degrees C for 1 hour and removing the film after 
cooling, what added distilled water and was set to 150mL(s) is meant. An absorbance is 
measured with an ultraviolet absorption spectrum on the wavelength which shows the maximum 
absorption wavelength in 220-350nm. Although making an absorbance or less into 0.1 is defined 
on hemodialysis apparatus acknowledgement criteria, since the film of this invention does not 
hold a pit hold-back agent, it can attain less than 0.04. Moreover, about the existence of a pit 
hold-back agent, it is detectable by measuring the thing which condensed or removed [ moisture 
] this test fluid by well-known approaches, such as a gas chromatography, liquid 
chromatography, differential refractive media, an ultraviolet spectroscopy photometer, an 
infrared absorptiometry, nuclear- magnetic-resonance spectroscopy, and elemental analysis. 
Moreover, it is detectable also about whether a pit hold-back agent is included in the film with 
these measuring methods. 

[0046] The film made by this invention consists of a polysulfone system polymer and a 
polyvinyl pyrrolidone, and the concentration of the polyvinyl pyrrolidone in a film internal 
surface is 30 - 45 % of the weight. By the polysulfone system film which is the hydrophilic 
property of the film internal surface which blood touches, and contains a polyvinyl pyrrolidone 
(only henceforth "PVP"), the PVP concentration of a film internal surface is important for a 
factor important for membranous haemocompatibility. When the PVP concentration of a film 
internal surface is too low, a film internal surface shows hydrophobicity, plasma protein tends to 
adsorb, and the coagulation of blood also tends to take place. That is, it becomes membranous 
poor haemocompatibility. Conversely, if the PVP concentration of a film internal surface is too 
high, the elution volume to the blood system of PVP will increase, and the result which is not 
desirable will be given for the object and application of this invention. Therefore, the 
concentration of PVP of the film internal surface in this invention is 30 - 40% of range, and is 33 
- 40% preferably. 

[0047] The PVP concentration of a film internal surface is determined by the X ray photon 
spectrum (X-ray Photoelectron spectroscopy, henceforth, XPS). That is, after measurement of 
XPS of a film internal surface arranges a sample in on a double-sided tape, a cutter cuts it open 
to fiber shaft orientations, and after extending so that the membranous inside may become a 
table, it is measured by the usual approach. That is, Cls and Ols, the concentration for which it 
asked using the relative sensitivity coefficient of equipment attachment from the surface 
concentration (nitrogen atom concentration) of nitrogen and sulphuric surface concentration 
(sulfur atom concentration) is said from the integrated intensity of Nls and an S2p spectrum, and 
when a polysulfone system polymer is the structure of (2) types, it can ask by count by (6) types. 
PVP concentration (% of the weight) =C1M1x100/(C1M1+C2M2) (6) 
It is here and is Cl:nitrogen atom concentration (%). 
C2: Sulfur atom concentration (%) 

Ml </SUB> :P Molecular weight of the repeat unit of VP (1 1 1) 

M2: Molecular weight of the repeat unit of a polysulfone system polymer (442) 

[0048] Next, an example of the dryer of this invention is explained with reference to a drawing. 

The dryer shown in drawing 1 consists of a revolution means (6) which fixes a container (1), a 

microwave exposure means (2), a means (3) to fix, and to carry in and take out a thread, a thread 

ventilation means (4), a means (5) to pass the liquid whose dielectric loss multipliers are 1-50, 



and a means (3) to fix, and to carry in and take out a thread, and is rotated. 
[0049] The thread (7) fixed to the means (3) used in order to fix and to carry in and take out a 
thread is dried by the microwave irradiated from the microwave exposure means (2) within the 
container (1). A dehumidification gas is passed by the thread with a ventilation means (4) during 
a microwave exposure. Since a means (5) to pass the liquid whose dielectric loss multipliers are 
1-50 is furthermore established in the container, as a result of absorbing surplus microwave and 
preventing a local temperature rise, all threads can be dried to homogeneity. 
[0050] A container (1) has further the function which intercepts (a) microwave, the temperature 
control means which keeps the temperature in the (b) container constant, a means to circulate 
through the gas in the (c) container, and a means to permute the gas in the (d) container by the 
external gas. The function which intercepts microwave not only uses microwave for desiccation 
of a thread effectively, but is the insurance top need for an operator. Moreover, in order to 
abolish the engine-performance difference between desiccation batches, it is required to keep the 
temperature in a container constant. Furthermore, it is possible by replacing the gas in a 
container with circulation and the exterior to improve drying efficiency. 

[0051] Although it is not used since microwave is irradiated at a thread (7), and a configuration 
and especially magnitude are not limited, in order to dry two or more threads uniformly, as for a 
microwave exposure means (2), it is desirable to install more than one in a container. The means 
(3) used in order to fix and to carry in and take out a thread is used in order to fix the location of 
the thread within a container and to dry efficiently. Furthermore, immobilization and carrying-in 
/ taking-out means (3) can be removed from a dryer, in order to make immobilization and 
ejection of a thread easy. A thread ventilation means (4) is used in order to ventilate a gas in a 
thread. 

[0052] Although what kind of thing is sufficient as it as long as a means (5) to pass the liquid 
whose dielectric loss multipliers are 1-50 is a means by which a liquid can be poured, it is 
desirable that it is piping made from a nonmetal which makes the interior pass the liquid whose 
dielectric loss multipliers are 1-50. As for piping for liquid passage, it is desirable that it prepares 
metal members, such as a metal fixture, on the metal member in an irradiation reactor or the 
outskirts of it since excessive microwave tends to heat and discharge. The means (6) which fixes 
a means (3) to fix, and to carry in and take out a thread, and is rotated further is used in order to 
make the microwave exposure to a thread more equal. The revolution is horizontal. 



EXAMPLE 



[Example] Although the example of this invention is shown below, this invention is not limited 
to this. 

(Measurement of the amount of platelet adhesion) The following operating procedure performed 
measurement of the amount of platelet adhesion to the film. Bundle ten hollow filament-like film 
with a die length of 15cm, produce a small module, and this module is made to pass heparinize 
Homo sapiens fresh blood for 15 minutes with the linear velocity of l.Ocm/second, and the 
physiological saline was continuously passed for 1 minute. Next, it computed as LDH activity of 
per a film surface product (internal-surface conversion) by carrying out the quantum of the 
lactate dehydrogenase (henceforth "LDH") emitted from the platelet which carried out beating of 
the hollow filament- like film to 5mm spacing extent, carried out ultrasonic irradiation in the 



physiological saline which contains the polyethylene-glycol alkylphenyl ether (Wako Pure Chem 
trade name triton X-100) 0.5%, and adhered to the film front face. Measurement of enzyme 
activity used the LDH mono-test kit (Boehringer Mannheim and made in Yamanouchi). In 
addition, it compared with a specimen and coincidence using the film (what was obtained by 
being immersed in ethanol for one day after the film of the example 1 in front of gamma 
irradiation was immersed in the sodium hypochlorite with an available chlorine concentration of 
1,500 ppm for two days) which does not contain PVP as positive control. 
[0054] (Plasma protein amount of adsorption) Except having carried out ultrafiltration time 
amount in 240 minutes, after the plasma protein amount of adsorption to the film performed the 
same actuation as the transmissometry of albumin, the physiological saline washed it for 1 
minute. Next, it computed as the protein amount of adsorption per film weight by carrying out 
beating of the hollow filament- like film to 5 mm spacing extent, and carrying out the quantum of 
the plasma protein stirred and extracted in the physiological saline which contains lauryl acid 
sodium 1.0%. Protein concentration used BCA protein assay (made in Pierce). In addition, it 
compared with a specimen and coincidence using the film (what was obtained by being 
immersed in ethanol for one day after the film of the example 1 in front of gamma irradiation 
was immersed in the sodium hypochlorite with an available chlorine concentration of 1,500 ppm 
for two days) which does not contain PVP as positive control. 
[0055] 

[Example 1] (Film production and clearance of a residual solvent) It dissolved in 77.7 % of the 
weight of N,N-dimethylacetamide, and 1 8.0 % of the weight (product P-1700 made from Amoco 
Engineering Polymers) of polysulfones and 4.3 % of the weight (BASF A.G. make K90, weight 
average molecular weight 1,200,000) of polyvinyl pyrrolidones were used as the uniform 
solution. Here, the mixing ratio of the polyvinyl pyrrolidone to the polysulfone in a film 
production undiluted solution was 23.9 % of the weight. This film production undiluted solution 
was kept at 60 degrees C, and it was immersed to the coagulation bath which is made to breathe 
out from a spinning port (double annular nozzle 0.1mm - 0.2 mm to 0.3 mm), is made to pass a 
0.96m air gap, and consists of 75-degree C water with the internal liquid which consists of a 
mixed solution of 30 % of the weight of N,N-dimethylacetamide, and 70 % of the weight of 
water. At this time, from a spinning port to the coagulation bath was surrounded by the cylinder- 
like cylinder, the humidity in a cylinder was controlled and temperature was controlled for the 
nitrogen gas which contained the steam in the cylinder at 51 degrees C 54.5% with the sink. 
Spinning speed was fixed to a part for 80m/. Here, the ratio of the air gap to spinning speed was 
0.012m/(a part for m/). The residual solvent in the film was removed after cutting the rolled- 
round thread by washing a 80-degree C hot water shower over 2 hours from the cutting plane 
upper part of a thread (die length of 30cm, 9400 film numbers). 

[0056] The equipment shown in drawing 1 is used. (Desiccation of the humid film and 
insolubilization processing of PVP) The thread after the above-mentioned residual solvent 
clearance (the water content of the film of a thread core 300% 300%) [ water content ] The 
difference of the water content of the film [ in / in the water content of the film of the thread 
periphery section / the core and the periphery section of a thread ] has arranged each uniformly 
by regular intervals 300% by setting a thread to a tray for 90 bundles 0% in a microwave 
irradiation reactor (3m [/second ] wind speed in an irradiation reactor). It fixed with the fixture 
so that the cutting plane of a thread might surely become a top or the bottom at this time. 
Furthermore, six waveguides were uniformly fixed by regular intervals, respectively so that 
microwave might be irradiated by each thread in an irradiation reactor at homogeneity. 



[0057] The microwave exposure was carried out for 18 minutes with the microwave output of 
30kW (kilowatt) to this thread. The water content of the thread located in the core in an 
irradiation reactor at this event was 42% (for the water content of the film of a thread core, the 
water content of the film of 44% and the thread periphery section is 40%). Water content 
obtained less than 1% of desiccation film (thread) by reducing only the output of microwave to 
21kW succeedingly, and carrying out a microwave exposure for 8 more minutes. 
[0058] Moreover, the following actuation was performed between the time of desiccation 
initiation, and the time of desiccation termination. 

(1) Water was poured in piping made from a nonmetal installed in the surroundings of the tray in 
an irradiation reactor. 

(2) It was made to rotate at the rate of 4 revolutions of a tray in 1 minute. 

(3) The temperature in an irradiation reactor was held at 70**2 degrees C. 

(4) Dehumidification air (10% or less of humidity) was ventilated from the lower part of each 
thread from the lower part of a thread to the upper part at the 4m [/second ] wind speed. At this 
time, the 0.4m [/second ] wind speed was measured by the thread average from the upper part of 
a thread at the time of desiccation initiation. Furthermore, a part of PVP in the film was 
insolubilized by irradiating the gamma ray of 2.5Mrad(s) at the obtained desiccation film 
(thread). 

[0059] (Performance-evaluation result) Each physical properties of the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of each physical properties when evaluating all threads are shown in a table 1. 
When the thread (film) equivalent to an average value was used as the module of 2 the effective 
filtration area of 1.5m and path clearance of beta 2-microglobulin was surveyed, it turned out 
that it is by part for 32mL/, and it became clear that it is equivalent to a part for path clearance 
32.5mL/computed by having substituted it for the formula (5). Furthermore, when this module 
performed transit measurement of a urea and vitamin B12, the path clearance and the 
permeability of a urea were part 83% for 185mL(s)/, respectively. Moreover, about vitamin B12, 
it was part 48% for 95mL(s)/similarly. Measurement is [0044]. It carried out by the same 
approach. Moreover, 62% of the total amount of PVP in the film was insoluble in water. As a 
result of carrying out a membranous eluting material test, the absorbance of effluent test fluid 
was 0.04 or less. Moreover, since the pit hold-back agent was not used, in effluent test fluid, the 
pit hold-back agent was contained and was not. Furthermore, as for this film, compared with the 
positive control film, the amount of platelet adhesion became low (positive control film 43 
Unit/m2) clear [ that the amount of adhesion of plasma protein is also low ] (positive control film 
63 mg/g). It became clear that this film has very few elution volumes from the film, and there is 
little adhesion of blood protein and a platelet from the engine performance mentioned above. 
Moreover, since the transmission of albumin was excellent also in the path clearance of beta 2- 
microglobulin few, it turned out that it is the film excellent also in the dialysis engine 
performance. Furthermore, it became clear that there are also few engine -performance 
differences with the thread (thread of the outermost engine performance) which has the value 
from which it separated most to the average and this average of all threads compared with the 
example 1 of a comparison. 
[0060] 

[Example 2] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 78 % of the weight 4% of the weight. The mixing ratio of the polyvinyl 



pyrrolidone to the polysulfone in the film production undiluted solution at this time was 22.2 % 
of the weight. Each physical properties of the thread (thread of the outermost engine 
performance) which has the value from which it separated most to the average and this average 
of each physical properties when evaluating all the threads at this time are shown in a table 1 . It 
became clear that this film has very few elution volumes from the film, and there is little 
adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, and 
since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned out 
that it is the film excellent also in the dialysis engine performance. Furthermore, it became clear 
that there are also few engine-performance differences with the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of all threads compared with the example 1 of a comparison. 
[0061] 

[Example 3] The same actuation as an example 1 was performed except having made the 
polyvinyl pyrrolidone in a film production undiluted solution, and having made N,N- 
dimethylacetamide into 77.2 % of the weight 4.8% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 26.7 % of the weight. Each physical properties of the thread (thread of the outermost engine 
performance) which has the value from which it separated most to the average and this average 
of each physical properties when evaluating all the threads at this time are shown in a table 1. It 
became clear that this film has very few elution volumes from the film, and there is little 
adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, and 
since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned out 
that it is the film excellent also in the dialysis engine performance. Furthermore, it became clear 
that there are also few engine-performance differences with the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of all threads compared with the example 1 of a comparison. 
[0062] 

[Example 4] The same actuation as an example 3 was performed except having used the mixing 
solution which turns into internal liquid from 52 % of the weight of N,N-dimethylacetamide, and 
48 % of the weight of water. Each physical properties of the thread (thread of the outermost 
engine performance) which has the value from which it separated most to the average and this 
average of each physical properties when evaluating all the threads at this time are shown in a 
table 1 . It became clear that this film has very few elution volumes from the film, and there is 
little adhesion of blood protein and a platelet. Moreover, there was little transmission of albumin, 
and since excelling also in the path clearance of beta 2-microglobulin was suggested, it turned 
out that it is the film excellent also in the dialysis engine performance. Furthermore, it became 
clear that there are also few engine-performance differences with the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of all threads compared with the example 1 of a comparison. 
[0063] 

[The example 1 of a comparison] The same actuation as an example 1 was performed except 
there being nothing gamma ray Teru putting. This result is shown in a table 2. It became clear 
that the absorbance of elution test liquid exceeds 0.04 for elution of PVP. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0064] 

[The example 2 of a comparison] The same actuation as an example 1 was performed except 



having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 77.0 % of the weight 5.0% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 27.8 % of the weight. The engine performance of this thread is shown in a table 2. Since the 
mixing ratio of the polyvinyl pyrrolidone to the polysulfone in a film production undiluted 
solution is over 27 % of the weight, an elution volume and film internal- surface PVP 
concentration are increasing. The perfo nuance evaluation performed only the thread located in 
the core in an irradiation reactor. 
[0065] 

[The example 3 of a comparison] The same actuation as an example 1 was performed except 
having made the polyvinyl pyrrolidone in a film production undiluted solution, and having made 
N,N-dimethylacetamide into 78.4 % of the weight 3.6% of the weight. The mixing ratio of the 
polyvinyl pyrrolidone to the polysulfone in the film production undiluted solution at this time 
was 20.0 % of the weight. The engine performance of this thread is shown in a table 2. It became 
clear that the amount of PVP of a film internal surface is less than 30%. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0066] 

[The example 4 of a comparison] The same actuation as an example 3 was performed except 
having used the mixing solution which turns into internal liquid from 60 % of the weight of N,N- 
dimethylacetamide, and 40 % of the weight of water. The engine performance of this thread is 
shown in a table 2. This film was engine performance for which the permeability of albumin is 
over 0.3%, and the permeability of PVP also exceeds 75%. The performance evaluation 
performed only the thread located in the core in an irradiation reactor. 
[0067] 

[The example 5 of a comparison] The same actuation as an example 1 was performed except 
having used the mixing solution which turns into internal liquid from 10 % of the weight of N,N- 
dimethylacetamide, and 90 % of the weight of water. The engine performance of this thread is 
shown in a table 2. The amount of water penetration of pure water was the engine performance 
which is less than 10mL(s)/(m2 and hr-mmHg). The performance evaluation performed only the 
thread located in the core in an irradiation reactor. 
[0068] 

[The example 6 of a comparison] The same actuation as an example 1 was performed except 
having made drying temperature into 170 degrees C. The engine performance of this thread is 
shown in a table 2. All PVP in the film of this film was insoluble in water. This film is used as 
the module of 2 the effective filtration area of 1.5m, and it is [0044]. When it was alike and 
clinical blood assessment was carried out by the shown approach, the leuco PENIA symptom 
that a dialysis patient's white blood cell count fell temporarily was observed. The performance 
evaluation performed only the thread located in the core in an irradiation reactor. 
[0069] 

[The example 7 of a comparison] The same actuation as an example 1 was performed except not 
pouring water in piping made from the nonmetal installed in the surroundings of the tray in an 
irradiation reactor, and the tray lower part. Each physical properties of the thread (thread of the 
outermost engine performance) which has the value from which it separated most to the average 
and this average of each physical properties when evaluating all the threads at this time are 
shown in a table 3. Discharge was observed from the metal member of the tray between 
microwave exposures. In the thread which exists on the outskirts of a metal fixture of a tray with 



this discharge and heating, that whose amount of water penetration is 0 (zero) was seen, and it 

became clear that the thread of the poor engine performance is generated clearly. 

[0070] 

[A table 1] 
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[0071] 
[A table 2] 
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[0072] 
[A table 3] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the front view showing an example of the manufacturing installation of the 
blood purification film of this invention. 
[Description of Notations] 

1 Container 

2 Microwave Teru Gunner Stage 

3 A Means to Fix, and to Carry in and Take Out Thread 

4 Ventilation Means 

5 Liquid Passage Means 

6 Revolution Means 

7 Thread 



DRAWINGS 




[Translation done.] 



